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INTRODUCTION 
ESMOND R. LONG? 


With the standardization of public-health procedures a definite number 
of beds for tuberculosis patients in proportion to the number of tubercu- 
losis deaths in the community has been set as a minimum requirement for 
adequate tuberculosis control. Gradually communities throughout the 
country have approached this minimum. A “bed for tuberculosis” has 
usually meant a bed in a sanatorium or specially designated tuberculosis 
hospital or hospital unit. Sentiment, both of hospital administrators and 
of lay boards, has been opposed in the past to the use of the rooms or 
wards of general hospitals for patients with pulmonary tuberculosis. 
Obviously this opposition has been based on the possibility of transmis- 
sion of the disease to other patients in the hospital, and the numerous 
contagion studies of recent years have amply demonstrated that this 
possibility is real. 

However, in the effort to attain the minimum requirement of tubercu- 
losis beds, agencies, devoted to tuberculosis and unable to secure the nec- 
essary number of beds specifically devoted to the disease, have repeatedly 
raised the question of use for tuberculosis of beds in the general hospitals, 
provided suitable technique was employed to prevent contagion. More- 
over, it long ago became apparent to the medical teaching profession that 
the absence of tuberculosis patients from the general wards was a serious 
handicap to the teaching of tuberculosis in medical schools. Aware of 
this fact, and recognizing the effect of this teaching failure upon the 
antituberculosis program as a whole, the National Tuberculosis Associa- 
tion eleven years ago (May .6, 1924) passed the following resolution: 
“That the National Tuberculosis Association reaffirms its belief in the 
need of admitting cases of pulmonary tuberculosis to general hospitals 
in order to permit of a more intensive training of the young medical men 
of the country in this important field.” 

In more recent years a new importance has become attached to the use 
of general hospitals in the treatment of pulmonary tuberculosis. Opera- 
tive procedures, involving special skill and special apparatus, have be- 
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come common. The very simplest of these measures, artificial pneumo- 
thorax, is very frequently initiated in a general hospital, and the most 
radical, thoracoplasty, usually so. Altogether, the frequent temporary 
use of beds in general hospitals for operative purposes, the admission of 
tuberculosis patients for other diseases, the increasing use of beds in 
poorly filled general hospitals by patients on the waiting list for crowded 
sanatoria, and the inevitable use for emergency and moribund cases, have 
created a situation very different from the once-supposed prohibition of 
patients with pulmonary tuberculosis from the general hospitals. 

This fact has been generally recognized and has called for expression of 
opinion on the advantages or dangers of the existing situation. Meeting 
on May 6, 1933, the Advisory Council of the Henry Phipps Institute 
“approved in principle the plan for urging general hospitals throughout 
the country to set aside a ward or wards for the care of patients suffering 
from active tuberculosis, as a measure of sound economy in the expendi- 
ture of public funds, a protection to the home, and a means of training 
physicians and nurses in the diagnosis and management of the disease.” 
In the opinion of the Council, “such wards, when properly managed, 
are not a source of infection to other patients or attendants in the 
hospital.” 

Such pronouncements are on record elsewhere. Actually, however, 
little information is available at present on the use now being made of 
general hospitals in the care of tuberculosis. Miss Dorothy E. Wiesner, 
Research Secretary of the Philadelphia Health Council and Tuberculosis 
Committee, has undertaken to aid in our understanding of the present 
situation by collecting pertinent data in a representative group of 
hospitals in a large city. With diligence and patience she has compiled 
facts from nineteen hospitals in Philadelphia, which, with her analysis, 
are presented herewith. 


THE CARE OF TUBERCULOSIS PATIENTS IN GENERAL 
HOSPITALS IN PHILADELPHIA? 


DOROTHY E. WIESNER® 


There has been a renewed interest in the care of tuberculosis patients 
in general hospitals in recent years. The reasons for this are numerous 
and varied. 

One is the discovery and increasing use of collapse therapy. To-day 
the patient is often admitted to a general hospital for artificial-pneumo- 
thorax or other collapse-therapy measures, and comes to the hospital 
with an admitted diagnosis of tuberculosis. 

Another reason for this new interest is that many beds in private 
general hospitals have been vacant during the years of depression, and 
that a number of the hospitals would be willing to make readjustments 
so as to care for tuberculosis patients if the hospitals were subsidized for 
this care from public funds. Associated with the presence of these 
vacant beds there has been in many places on the part of tuberculosis 
workers a desire to supplement the still inadequate number of beds for 
tuberculosis patients by utilizing the vacancies in general hospitals. 

There has also been an increasing recognition of the necessity for pro- 
viding material for teaching tuberculosis to physicians and nurses in 
general hospitals. 

In connection with these factors, there has been a new appreciation of 
the policy of tuberculosis authoritities who have favored for years the 
opening of beds in general hospitals to tuberculosis patients. Twenty- 
two years ago the National Tuberculosis Association recommended the 
inauguration of tuberculosis departments in general hospitals. This was 
in 1913. In 1916 the National Tuberculosis Association passed resolu- 
tions recommending that general hospitals establish wards for the care 
of tuberculosis patients. After that, the American Hospital Association 
and the American Medical Association, as well as the state and local 
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organizations of these and of the National Tuberculosis Association, have 
passed similar resolutions. 

An evidence of the influences of these factors appears in the preface of 
the Tuberculosis Sanatorium Directory of 1934 which says: 


A second sign of the times is the increasing number of general hospitals that 
are admitting tuberculosis. In Idaho, as a substitute for a state sanatorium, 
provision has been made by law to care for tuberculosis patients in properly 
equipped units of two general hospitals, with a tuberculosis specialist in charge. 
In Detroit, in an effort to relieve overcrowding in the local sanatoria, general 
hospitals are being used extensively to provide beds for terminal and convales- 
cent cases. Chicago, Cleveland, and Philadelphia have opened hospitals for 
convalescent cases. The increasing use of chest surgery has helped to bring 
about this change of attitude on the part of general hospitals. 


More than 6,000 beds for tuberculosis patients are now provided in 
general hospitals in the United States. Over one-third of these are 
definitely stated as not in a separate building or annex, but in tubercu- 
losis pavilions, units, divisions, wards, departments, or floors. 

It is interesting in this connection that in a state as well equipped with 
tuberculosis institutions as Wisconsin, according to the Milwaukee 
Medical Times of May, 1934, 20 per cent of the deaths from tuberculosis 
in that State in 1933 occurred in general hospitals. 

In Philadelphia, for a number of years reports from several large gen- 
eral hospitals have been secured of the number of tuberculosis patients 
given care in them. In 1931, three general hospitals reported care for 
165 tuberculosis patients; in 1932 five hospitals reported 280; in 1933 ten 
reported 446; and in 1934, fifteen general hospitals reported 675. These 
current reports are based on figures of the number of diagnosed tubercu- 
losis cases at the beginning of the year, number admitted and discharged, 
and the number at the end of the year. The hospitals were willing to 
acknowledge that they had tuberculosis patients in these years. 

These reports were of value in meeting a proposal, based on the desire 
to assist in filling vacancies in general hospitals, that a demonstration be 
made in Philadelphia of the care of tuberculosis patients in such institu- 
tions. The figures from 1931 to 1934 indicated that such a demonstra- 
tion would by no means be justified. 

But they also indicated that very little was known of what lay behind 
these total figures. What type of tuberculosis is treated in general hos- 
pitals, and what is the stage of pulmonary tuberculosis among such 
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patients? What of the color, age, and sex of these patients? Is the 
communicable character of tuberculosis recognized as shown by adequacy 
of sputum reports? What are the complications these patients suffer? 
What are the reasons for their admission for hospital care? How much 
institutional care do they have before appearing as general hospital pa- 
tients? By whom are they referred to the general hospital? What is 
the type of treatment which they receive? What financial returns does 
the general hospital receive from its tuberculosis patients? Are they 
chiefly ward or private patients? How long are they under care in the 
general hospital? What is their condition on discharge and what are 
the plans for their future supervision? 

Nowhere was there detailed information on these questions. A special 
intensive study was, therefore, undertaken of the records of tuberculosis 
patients in general hospitals in Philadelphia, which is here reported. 


1. PURPOSE AND SCOPE OF THE STUDY 


The purpose of the study was an attempt to answer these questions. 
Nineteen hospitals were chosen on the basis of their having either at pres- 
ent or in the past a chest clinic or close association with some tuberculosis 
institution. No hospital which cared for tuberculosis only was included. 
These hospitals were visited in the spring of 1934 and the hospital records 
of tuberculosis patients cared for in 1933 were summarized. 

There were 846 records of Philadelphia patients with diagnoses of 
tuberculosis found in the 19 hospitals. No out-of-town patient was 
included. The largest number of tuberculosis patients in any one 
hospital was 88 and the smallest 12. When the 846 records were alpha- 
betized, it was found that 12 persons had received bed-care in more than 
one general hospital in 1933. Thus the study concerned 834 patients 
with diagnoses of tuberculosis who lived in Philadelphia and who re- 
ceived bed-care in one or more of these 19 general hospitals during 
1933. : 

When the patients were classified by the type of tuberculosis, it was 
found that there were 633 persons who had some tuberculosis of the lungs; 
43 who had generalized tuberculosis, miliary tuberculosis or tuberculous 
meningitis; and 158 who had tuberculosis other than pulmonary. Many 
with pulmonary tuberculosis also had tuberculosis of other organs. In 
each case the pulmonary condition received preference in this classi- 
fication. 

The data were tabulated by kinds of tuberculosis, by color, age and sex, 
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sputum reports, reason for admission, record of previous institutional 
care for tuberculosis, use of collapse therapy, number of days in hospital, 
location in the hospital (whether ward or private room), statement as to 
last discharge in 1933, and plan on discharge. 

Among the difficulties in a study of this kind is the fact that the data 
were secured entirely from the written records as filed in the hospital. 
No question was raised about interpretation. Where information was 
not written in the record a notation of “not stated” was placed on the 
schedule. It should be remembered that these records came from 19 
hospitals among which the completeness of record work varied. No 
hospital from which permission was asked to study their records refused 
it, although access was not granted in a number of hospitals to the records 
of patients treated in private rooms. 


2. TUBERCULOSIS PATIENTS ADMITTED TO 19 GENERAL HOSPITALS IN 
PHILADELPHIA IN 1933 


The total admissions for all causes for varying twelve-month periods 
(some ending in December, some in August, or April) were 101,226. Of 
these, 801 were tuberculosis patients who were admitted in 1933, and who 
constitute less than one per cent of the total admissions (0.8 per cent). 


The number of days of care of patients admitted for all causes in 1933 
was 1,365,364. Of these, 28,856 days, or 2.1 per cent, were for tubercu- 
losis patients. 

The number of persons cared for in tuberculosis sanatoria and certain 
general hospitals in 1933 was 4,504. These include patients with Phila- 
delphia residences and with nonpulmonary as well as pulmonary tubercu- 
sis. Those cared for in general hospitals studied, 834, constitute almost 
one-fifth of the tuberculosis patients having institutional care. Not all 
of the general hospitals were included in this study. Had all been in- 
cluded the proportion would be increased slightly. 

The tuberculosis patients whose records were studied were not neces- 
sarily admitted because of diagnoses of tuberculosis. There were 167 
who were definitely admitted for conditions or operations not connected 
with tuberculosis. Of the 633 who were classified as having tuberculosis 
of the respiratory system, 275 came in simply for observation or bed-rest. 
There were 156 of these 633 admitted for some form of collapse therapy. 
There were 202 who were admitted for treatment of tuberculosis of organs 
other than the lungs, but of these 51 also had pulmonary tuberculosis. 


* Schedule at end of text. 
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3. COMPLICATING ILLNESSES OF TUBERCULOSIS PATIENTS 


An effort was made to secure and tabulate all complications noted in 
the hospital records. Those were coded according to the Standard 
Classified Nomenclature of Disease, published in 1933. It was found that 
there were 721 other conditions and diseases mentioned in the records. 
The following (table 1) are those of which there were five or more in- 
stances among the tuberculosis patients, in the order of their frequency: 


TABLE 1 
Complications of which there were five or more instances 


Abnormal heart conditions 

Tonsillitis 

Diabetes Cholecystitis 
Renal tuberculosis Sinusitis 
Therapeutic abortions 

Tuberculosis of lymph nodes 

Appendicitis 

Tuberculosis of larynx Hypertension 
Tuberculosis of spine Visceroptosis 
Arteriosclerosis 


It would be interesting to know whether the complicating illnesses of 
the tuberculosis patients in general hospitals are similar in kind and 
frequency to those among the patients in tuberculosis sanatoria, but no 
way of determining this matter was available. This list and number of 
instances would doubtless be increased if complete histories of patients 
who stayed the comparatively short times for collapse therapy had been 
available in the hospital record. 

The finding that tuberculosis in general hospitals is so frequently com- 
plicated by other sickness of various kinds is one of the most informing 
results of this study. Closer tabulations of these complicating illnesses 
and their significance are desirable in order to understand the particular 
value of the use of general hospital beds for tuberculosis patients. 


4. TYPE OF TUBERCULOSIS TREATED IN GENERAL HOSPITALS 


All types of tuberculosis were found to have been treated in these 
general hospitals, although 75.9 per cent had tuberculosis of the lungs. 
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There were 29 whose condition was diagnosed as “suspicious.” These 
patients were for the most part those who left before a more definite chest 
diagnosis could be made. There were also 29 persons stated in record 
as having “childhood tuberculosis,”’ all of whom were less than 15 years 
of age. Only 60 were said to have minimal tuberculosis. There were 
283, or 44.7 per cent, with advanced tuberculosis. For the remainder 
of the patients with pulmonary tuberculosis, the stage was not stated. 
For the most part these were patients with cavity-formation, who might 
therefore be included with the 283 recorded as having advanced disease. 
If this is done, the advanced tuberculosis patients constitute 81.4 per 
cent of the pulmonary-tuberculosis patients. 

Of the 158 with tuberculosis other than pulmonary, the largest group 
was made up of bone and joint disease; the second in size, of kidney and 
other urogenital tuberculosis; and the third of tuberculosis of the diges- 
tive system, including tuberculosis of the peritoneum and intestines, and 
rectal fistulae. There was comparatively little tuberculosis of the skin 
and lymph nodes. 


5. PATIENTS BY COLOR, SEX, AGE AND TYPE OF TUBERCULOSIS 


The social description of this group was the usual picture of the tuber- 
culosis population of a large city. Of the total group, 596 were white 
and 238 colored, about 70 per cent and 30 per cent. This is nearly the 
same distribution that is found in the Philadelphia Chest Clinic popula- 
tion, but not that in the sanatoria. Among the patients with the acute 
forms of tuberculosis (generalized, miliary and tuberculous meningitis), 
46.5 were colored. Among the patients with pulmonary tuberculosis, 
28.8 were colored, and among those with nonpulmonary, 22.7 per cent. 


(Table 2.) 
TABLE 2 
Patients by type of tuberculosis, according to color and age 


BY COLOR AND AGE 


Colored 
TOTAL 
PATIENTS 


BY TYPE OF TUBERCULOSIS 


15-39 
Total years 


834 596 


633 451 
43 23 
158 122 67 23 


* Miliary and generalized tuberculosis, and tuberculous meningitis. 


40 
years 
and 
years over years over 
Total patients......... 185 238 37 164 37 
Pulmonary......... 182 26 127 29 
Acute forms*....... 20 4 12 4 
Other forms........ 36 7 25 4 
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The total group was about evenly divided as to sex, but among the 
patients with the acute forms of tuberculosis only 32.6 per cent were 
females. 

These tuberculosis patients in general hospitals show the same age dis- 
tributions that all tuberculosis data show, the great proportion being in 
the 15-39-year period. More than one-half of the group were in these 
years of life. The average age of the patients with pulmonary tubercu- 
losis was higher than those with other forms of the disease. Of the pul- 
monary patients, only 10.0 per cent were less than 15 years of age, 
whereas, of those with nonpulmonary tuberculosis, 24.7 per cent were less 
than 15 years old. At the upper end of the age-table, also, it is shown 
that older patients were more numerous among those with pulmonary 
tuberculosis than among those with nonpulmonary involvement, 29.1 per 
cent of the pulmonary-tuberculosis patients being over 40 years of age, 
as compared with only 17.1 per cent of the nonpulmonary patients being 
in this older age group. 

Colored patients with pulmonary tuberculosis were younger than the 
white patients. Among the colored, only 15.9 per cent were over 40 
years of age, as compared with 34.4 per cent of the whites. A similar 
difference, although not so marked, was true among the nonpulmonary 
patients. 

When the data were analyzed by age and sex and type of tuberculosis, 
it appeared that, as in mortality statistics, the average age of women 
with respiratory tuberculosis is lower than that of men. There were 61.9 
per cent of the men under 40 years of age, but 79.6 per cent of the women. 
The same comparison holds good for the patients with nonpulmonary 
tuberculosis. (Table 3.) 

TABLE 3 
Patients by type of tuberculosis, according to sex and age 


BY AGE AND SEX 


BY TYPE OF TUBERCULOSIS 


Total Total 


413 421 


633 310 323 
43 29 11 14 
158 74 40 16 84 


* Miliary and generalized tuberculosis and tuberculous meningitis. 


] 
‘ 
J 
e 
Male Female 
Less 40 Less 40 
than | 15-39 | years 
| 
Total patients.........| 834 61 | 281 | 79 j 
Pulmonary......... 35 | 222 | 66 : 
Acute forms*....... 5 7 2 iy 
Other forms........ 21 52 11 
4 


116 DOROTHY E. WIESNER 


From the facts just mentioned about color, age and sex, it is evident 
that the tuberculosis patients in general hospitals show the age-groupings 
usually found in tuberculosis tabulations. It may be worth noting again 
that so many of the tuberculosis patients were aged 15-40 years. This 
characteristic of a group of tuberculosis patients was most noticeable 
among the colored women. Next in order are the colored men, then the 
white women, and, last, the white men. 


6. PATIENTS BY SPUTUM REPORTS AVAILABLE AT THE HOSPITALS 


Adequate sputum reporting is an indication of the recognition of the 
communicable character of tuberculosis and an essential measure in pre- 
venting infection of others, whether internes, nurses, other hospital em- 
ployes and other patients. 

Of the 633 patients with pulmonary tuberculosis, 221, or 34.9 per cent, 
had positive sputum reports; 23.2 per cent had negative sputum reports; 
and the records of 41.9 had no entry about sputum. It is of interest that 
among the Philadelphia chest-clinic patients about the same proportion 
of the tuberculosis patients had positive sputum reports, namely, about 
one-third. 

When the data about sputum reports were correlated with the stage of 


tuberculosis, it appeared, as might be expected, that the patients with 
advanced tuberculosis were more likely to have positive sputum reports 
thanthose with minimal disease. Of the patients with advanced tubercu- 
losis, more than one-half had positive sputum reports, as compared with 
about one-fourth of the minimal tuberculosis patients. None of those 
with suspected tuberculosis, or childhood tuberculosis, had positive 
sputum. (Table 4.) 


TABLE 4 
Patients with pulmonary tuberculosis by sputum data according to stage of tuberculosis 


TOTAL 
PATIENTS 


ADVANCED SUSPECTED 
TUBERCU- 


TUBERCU- 
LOSIS 
PATIENTS BY SPUTUM REPORTS LOSIS 


Per cent 


Total patients with pulmonary 
tuberculosis 


Positive sputum 
Negative sputum 
Sputum not stated 


| CHILDHOOD 
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It may be surprising that for 41.9 per cent of these pulmonary-tubercu- 
losis patients there were no sputum data on the record. This omission 
was very noticeable among those for whom the stage of tuberculosis was 
not stated—more than one-half had no data about sputum. Of those 
with minimal tuberculosis, 41.7 per cent had no data about sputum, and 
of those with advanced, 25.1 per cent. More complete sputum reporting 
than this might have been expected. It should be pointed out, however, 
that 12.8 per cent of the patients with respiratory tuberculosis were in 
these hospitals less than five days. A few patients died before any 
examination was made. Of those who came in for pneumothorax or 
phrenicectomy some were in only overnight, and were in private rooms. 
Undoubtedly the physician who collapsed the lung knew whether the 
sputum had been positive, but this was not entered in many cases on 
the hospital record. Nevertheless, with these circumstances in mind, 
this lack of data about sputum reports is a matter of justifiable concern to 
those interested in the high incidence of tuberculosis among nurses and 
medical students. 

The more complete control of bed-patients with tuberculosis as com- 
pared with clinic patients, offers greater opportunity for securing sputum 
specimens. The nurse trained in the public-health aspects of tubercu- 
losis has been taught to lay great emphasis upon this part of her work. 
It will undoubtedly be a matter of great interest to her—but not of con- 
solation, it is hoped—to see that in hospital records, sputum reports of 
tuberculosis patients are so often not available. 

Comparisons among the 19 hospitals of the percentages of patients 
whose sputum was not tested show wide variations. The most excellent 
record was in one large hospital which provided records of 56 patients 
with pulmonary tuberculosis, in which only 12.5 per cent had not had the 
sputum tested. In two hospitals (also large) only between 20 and 30 
per cent were without sputum reports. On the other hand there was a 
hospital in which 80.8 per cent of the pulmonary-tuberculosis patients’ 
records did not have data about sputum. Such variations show a 
striking need of applying more uniform procedures at present, and par- 
ticularly if tuberculosis patients are to be cared for in general hospitals 
more frequently. 


7. PATIENTS BY REASON FOR ADMISSION TO GENERAL HOSPITALS 


While there were 633 persons with tuberculosis of the lungs among the 
tuberculosis patients, only 465 entered the hospital primarily for their 
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pulmonary tuberculosis. Of these, 113 came in merely for observation 
and diagnosis. Besides the diagnosis of pulmonary tuberculosis among 
the observation cases, other conditions were described in the records, 
although for 34 of them no other abnormal condition was mentioned. 
The most frequent complication stated was an abnormal heart condition. 
This was mentioned in the records of 14 of these observation patients. 
Other frequent complications were pleurisy with effusion on 12 records; 
pneumonia, tuberculous pneumonia, and pneumonitis on 6; tuberculosis 
of the larynx on 5; and malnutrition on 5. Among the observation cases 
only 16 were recorded as having minimal tuberculosis. Eighteen had 
suspected and childhood tuberculosis. The larger number were said to 
have advanced tuberculosis—43 of the total number. There were six 
whose tuberculosis was classified as acute. 

The patients with pulmonary tuberculosis, and those with the acute 
forms of the disease, who came in for bed-care, exclusive of operation, 
numbered 196. Of these, 80 records showed no other abnormal condi- 
tions. Queerly enough, this is a larger proportion than among those who 
came in for observation and diagnosis, 41 per cent as compared with 30 
per cent. A greater proportion, however, were designated as advanced 
tuberculosis, and the complications mentioned on the records were 
numerous and of a different nature. Syphilis was diagnosed in 20 of these 
196 patients who came in for bed-care, not operation. Pleural effusion 
was noted on the records of 16; intestinal tuberculosis on 11; abnormal 
heart conditions on 10; pneumonia on 9; asthma on 6; laryngitis on 6; 
diabetes on 6; arteriosclerosis on 5; otitis media on 4,—to note those most 
frequently appearing. 

Among the 156 who came in for collapse therapy, 91 were stated to have 
advanced tuberculosis. It is worth noting that five were recorded as 
having minimal tuberculosis. Only 58 of the 156 were stated as having 
positive sputum. There were 26 who had negative sputum. Of those 
whose sputum was not recorded, 45 were in the hospitals less than 5 
days, and only 4 had more than two months’ care. 

Collapse-therapy patients constitute a group in which positive sputum 
reports are expected. In this group, however, only 37.2 per cent had 
such reports. : 

Perhaps because the average length of care was short for this group, 
the complications noted are less numerous. There were 119 on whose 
charts there was no record of complications. There were 9 instances of 
pleural effusion, five of pneumonia, four of abnormal heart condition, 
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three of diabetes, three of laryngitis, two interrupted pregnancies, and 
two thyroid enlargements. In only two instances was a special note made 
of pulmonary adhesions. 

Of the 68 who came in for a procedure or operation other than collapse 
therapy, four came in for bronchoscopy only. Of the other 64, there were 
fourteen for whom therapeutic abortions were done, and 10 cases of child- 
birth at or near term. Appendicitis was present in 9, infected tonsils in 
5, diabetes in 4, syphilis in 4, and uterine fibromata in 4. Abnormal 
growths numbered 5. Of this group of 68, there were 57 with pulmonary 
tuberculosis. 

Bone tuberculosis was the primary reason for the entering of 71 patients; 
but, of these, 13 had also pulmonary tuberculosis. There were 44 records 
of the bone-tuberculosis patients on which no complication was men- 
tioned. Among all of the bone-tuberculosis patients there were fewer 
complications mentioned. Abnormal heart conditions appeared in only 
4 and abdominal tuberculosis in 3. 

There were 131 whose primary reason for entering the hospital was 
tuberculosis other than pulmonary or bone, of whom 38 had pulmonary 
tuberculosis as well. There were 62 on whose records no other compli- 
cations were stated, these being for the most part patients with renal or 
lymph-node tuberculosis. The complications among the others with 
tuberculosis other than pulmonary or bone were numerous and varied. 
Tuberculous peritonitis was mentioned in 8 instances, syphilis in 6, 
fistula-in-ano in 5, appendicitis in 4, tuberculosis of the caecum in 3, and 
tuberculous salpingitis in 3. Also, involvement of the kidneys, lymph 
nodes, tuberculous and nontuberculous, appeared very frequently in this 
latter group. 

There were 99 whose primary reason for entering the hospital seemed to 
be an entirely nontuberculous condition. Of course, none was without com- 
plications; and, of all the groups in this classification, this approached 
most closely the rest of the general hospital population, although all of 
them had either pulmonary or generalized tuberculosis, or tuberculous 
meningitis. The most frequent complication was pneumonia, 35 of these 
99 records stating that pneumonia was present. An additional 8 men- 
tioned bronchitis, and 4 asthma. There were 14 in which abnormal heart 
conditions were mentioned, and 8 in which cancer and other growths 
appeared. Mental diseases, poisonings, typhoid fever, chicken pox, 
starvation, diabetes, synovitis, abscesses, rickets, salpingitis, otitis media, 
and many others mentioned in previous classifications appeared among 
this group. 
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This group seems to offer a conclusive proof that general hospitals have 
been used for the care of tuberculosis patients. The numerous and 
varied complications existing with pulmonary tuberculosis point defi- 
nitely to the need for general hospital care, in many cases, in the interest 
of the patient, the public and the hospital itself. (Table 5.) 


TABLE 5 
Patients by primary reason for entering hospital according to type of tuberculosis and complicating 
illnesses 


COMPLICATIONS 
BY TYPE OF or Compiica- | _3Y WHETHER 
TUBERCULOSIS TUBERCULOSIS 


OR OTHER 


BY PRIMARY REASON FOR ENTERING HOSPITAL 


TOTAL PATIENTS 
Pulmonary 
Acute forms* 
Number of records 
Number of records 
Number of instances 
of other tuberculo- 
Number of instances 
nontuberculous 
complications 


All others 


w 
So 
© 
me 
wr 
S 


Observation and diagnosis (primary 
pulmonary condition) 

Bed-care, not operation (primary 
pulmonary tuberculosis) 

Collapse therapy 

Procedure or operation other than 
collapse therapy 

Bone tuberculosis (including casts 
and operations) 

Other type of tuberculosis than re- 
spiratory or bone 3 | 62 

Primarily for nontuberculous con- 


~ 


* Generalized and miliary tuberculosis, and tuberculous meningitis. 


These data as to the primary reasons for entering general hospitals are 
complex. It is seen that the greatest percentage, 23.5, came in for bed- 
care, not operation. Nineteen per cent entered for collapse therapy, 
and 24 per cent primarily for bone and other types of tuberculosis. The 
complications listed are as true a picture as one can get of the tuberculosis 
patient in the general hospital. Pulmonary conditions other than tuber- 
culosis are most often the complication,—pneumonia, pleurisy with 
effusion and asthma appearing most often. Abnormal heart conditions 
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were frequently present; considerable syphilis; and frequently diabetes. 
There were 24 deliveries or abortions done. Appendicitis was a fre- 
quent complication. The number of times conditions, often called minor, 
such as infected tonsils and carious teeth, appear is perhaps a reflection 
of the interne’s thoroughness rather than of the actual occurrences of 
these defects. 


8. PATIENTS BY INSTITUTIONAL CARE BEFORE ADMISSION TO GENERAL 
HOSPITALS 


The history of previous hospital care of the tuberculosis patients in 
general hospitals is valuable both from a community point of view and 
from that of the hospitals providing treatment. Records of such previous 
care were found, however, in only a little more than one-fourth of the 
patients studied. 

The records of 222 of the tuberculosis patients stated that there had 
been previous institutional care. The records of patients with non- 
pulmonary tuberculosis—that is, those in whom no mention of pulmonary 
tuberculosis was found any place in the record—had more information 
about previous institutional care than the pulmonary patients. A cu- 
rious situation was found in the previous institutional care of the pul- 
monary tuberculosis patients. Fifty-two of the records stated that the 
patients had been in a tuberculosis institution, such as the State Sanatoria 
and others, but a greater number, namely 55, in general hospitals which 
treated them for tuberculosis. There were, in addition, 38 others whose 
records showed combinations of tuberculosis and general hospitals. This 
cannot mean that equal numbers are receiving care in general and in 
specialized institutions, but must be attributed to lack of information 
about sanatorium care in the records. 

The fact that, in such a large proportion, 73.4 per cent of the patients, 
no record of previous institutional care was recorded, suggests need for a 
more complete knowledge of the previous history of the patient, with the 
possibility of utilizing it in the general hospitals. It does not seem prob- 
able that the 73 per cent had actually had no previous bed-care. Of the 
patients with the acute forms of tuberculosis, only 14.0 per cent had had 
previous institutional care. Of the pulmonary-tuberculosis patients 
termed advanced, the records of only 27.9 per cent stated previous in- 
stitutional care. This lack of information may have a bearing on the lack 
of data about sputum reporting. It would appear that knowledge of 
previous institutional care could be ascertained from a tuberculosis 
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patient, and, if his sputum or other discharges had been positive, this 
knowledge would be sufficient to warrant special nursing technique for 
him. 


9. HOW PATIENTS WERE REFERRED TO GENERAL HOSPITALS 


The source from which tuberculosis patients were referred. to general 
hospitals is valuable as indicating the measure of codperation of phy- 
sicians and health agencies with general hospitals. Of all the patients, 
46.2 per cent were referred by private physicians. This high percentage 
of reference by private physicians occurs in both the pulmonary and non- 
pulmonary patients. Frequently only the name of the physician, and 
not his connection with a clinic or other institution, is stated. When the 
address of his private office is given, there is no question of the capacity 
in which the physician acted. This omission of his connection made it 
difficult to determine with absolute certainty what interplay there is 
between clinics, sanatoria and hospitals. 

When the primary reason for admission of the pulmonary-tuberculosis 
patients referred by private physicians is compared with those referred in 
other ways, no unusual variations are seen. About one-sixth came in for 
observation and diagnosis, one-fourth for bed-care, one-fourth for col- 
lapse therapy, and one-third for other tuberculous and nontuberculous 
conditions. It may be significant that the names of 190 physicians ap- 
pear as the referring physician for these 299 pulmonary tuberculosis 
patients. Only three doctors referred more than 5 patients. These 
three specialists are well known for their belief and practice of collapse 
therapy. There were 160 physicians who referred 1 tuberculous patient; 
21 who referred 2; four who referred 3; two referred 4. The three special- 
ists referred 15, 18, and 24 patients, respectively. There were 20 patients 
whose records said they were referred by private physician, but no name 
was given. This angle of the care of tuberculous patients in general 
hospitals brings to light the fact that much of the treatment of tuberculo- 
sis is in the hands of the general practitioner. It reémphasizes the need 
frequently stressed by medical educators of training internes to seek for 
and recognize tuberculosis, so that they may be alert to it in general 
practice. 

The second group in numerical importance as to reference is composed 
of those referred by the. out-patient departments of the hospitals. There 
were 163 patients of the 834 thus referred. Only 98 of these were pul- 
monary-tuberculosis patients, and only 8 came in for collapse therapy. 
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The next group in order of size, according to method of reference, is 
composed of those referred by: chest clinics. There were 102 of these, 
only 2 of whom were said to have nonpulmonary tuberculosis (one had 
tuberculous adenitis and the other a tuberculous hip). Almost two- 
thirds of these patients came to the hospital for collapse therapy. This is 
an interesting instance of codperation between chest clinics and general 
hospitals. 

A consideration of the data about sputum reports for these chest-clinic 
patients showed about the same percentage of positive sputum reports 
among them as among the total respiratory tuberculosis patients. 
Furthermore, the percentage of the clinic patients for whom no sputum 
information was available was even higher,—46 per cent for the chest- 
clinic patients and 41.9 per cent for the total group. 

There were only 26 patients who were referred to these general hos- 
pitals by other institutions. Of them, 15 were from nearby sanatoria. 
Some idea of the relation of the sanatorium to the general hospital may 
be seen by considering the primary reason for these patients having been 
transferred to the general hospitals. Seven came in for collapse therapy, 
and six for operations and procedures other than collapse therapy. Of 
these 15 patients from nearby sanatoria, 7 had positive sputum; 6 had 
negative; and the sputum of 2 was not stated. 

There were 45 who came in through the accident and receiving wards, 
and 11 from social agencies such as the Society for Prevention of Cruelty 
to Children, or schools for delinquents. (Table 6.) 


TABLE 6 
Patients by method of reference to the general hospital according to type of tuberculosis 


ACUTE 


FORMS* ALL OTHERS 


PULMONARY 
BY METHOD OF REFERENCE 


Num-| Per |Num-| Per |Num-| Per 
ber | cent | ber | cent | ber | cent 


633 |100.0| 43 158 |100.0 
102 .2| 97 


163 .6| 98 
Self, accident and receiving ward 45 4 38 
Other hospital 26 , 19 
Private physcian 385 .2}| 299 
All others 11 ; 8 
102 .2| 74 


* Generalized and miliary tuberculosis, and tuberculous meningitis. 
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To summarize the methods of reference: Almost half were referred by 
private physicians, most of whom were not tuberculosis specialists. 
Out-patient departments sent in the next group in numerical importance; 
chest clinics third; accident and receiving wards fourth; and other 
hospitals and sanatoria fifth. 


10. PATIENTS BY TYPE OF CARE WHILE IN THE HOSPITAL 


The varied reasons for admission and many methods of reference show 
that prolonged bed-care, such as is provided in sanatoria, is not the chief 
type of care these patients received. ‘There were, however, 241, or 28.9 
per cent of the total patients, whose primary care while in these general 
hospitals seemed to be mainly bed-care for tuberculosis, not operative. 
Some were “observation” patients, and some patients who came in for 
operation, but who for various reasons were not operated upon. Of the 
pulmonary patients who received bed-care, however, less than one-third 
were in the hospital more than one month. The hospital with special 
funds for caring for colored patients with positive sputum is of course in 
the lead for such care. 

Operations, such as collapse therapy, laparotomies, nephrectomies, 
bone operations, and such procedures as tapping for ascites, cystoscopies, 
and drainage of tuberculous abscesses, were types of hospital care re- 
ceived by 325, or 39.0 per cent. Thus, the operative and special-pro- 
cedure patients were more numerous than the bed-care patients. There 
were more of the patients whose tuberculosis was pulmonary in this group 
than of those whose tuberculosis was nonpulmonary. There were 196 
pulmonary-tuberculosis patients who had such work done, 167 of whom 
had collapse therapy. 

The third group in numerical importance was of those to whom bed- 
care for primarily nontuberculous conditions was given. In this group 
of 105 are the patients who had pneumonia, asthma, bronchitis, cancer, 
abnormal heart conditions, or syphilis. 

The fourth group was of those who received care for operations or pro- 
cedures not primarily concerned with their tuberculous condition. 
Appendicectomies, child-birth, therapeutic abortions, serum treatments 
for asthma, tumor operations, mastoidectomies, tonsillectomies, hemor- 
rhoidectomies, and herniotomies were among the operations and proce- 
dures done for this group. 

A comparatively few left the hospitals with the chief benefit that of 
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diagnosis only. There were 69 in this group, and, of them, seven were 
diagnosed as having other conditions besides their tuberculosis. 

The types of care given these patients did not, therefore, compete with 
the types of care provided by sanatoria. The largest group was of those 
who were operated upon or who underwent procedures more usual to 
hospitals than to sanatoria. The second group, numerically, was of those 
who received bed-care, for the most part less than one month. The third 
group was of those who received bed-care for nontuberculous conditions, 
and the fourth those who received care for operations or procedures for 
nontuberculous conditions. None of these takes the place of the pro- 
longed bed rest and facilities for teaching of new life habits that the 
sanatoria offer. (Table 7.) 


TABLE 7 
Patients by type of care while in the hospitals according to type of tuberculosis 


BY TYPE OF TUBERCULOSIS 
TOTAL 
PATIENTS 


PATIENTS BY TYPE OF HOSPITAL CARE 


Pulmo- 
nary Acute* | All others 


Total patients 834 43 


Diagnosis made of tuberculosis 3 
Diagnosis made of nontuberculous conditions. . . . _ 
Bed-care for tuberculosis, not operative 31 
Bed-care for nontuberculous condition, not opera- 


Procedure or operation for tuberculous condition . . 
Procedure or operation for nontuberculous con- 


* Generalized and miliary tuberculosis, and tuberculous meningitis. 


11. PATIENTS BY TYPE OF COLLAPSE THERAPY 


While one of the reasons for the renewed interest in the care of tuber- 
culosis patients in the general hospitals was the increased use of collapse 
therapy, of the patients with pulmonary tuberculosis this was used for 
only one-quarter of them. Of those with minimal tuberculosis, collapse 
therapy was employed for 6.7 per cent; of those with advanced tubercu- 
losis, 34.3 per cent; and of those with stage not stated, for 28.4 per cent. 

In connection with this relatively small use of collapse therapy, it 
should be remembered that no hospital which cared for tuberculosis only, 
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or which had a separate tuberculosis building, was included. These 
statements modify the idea that general hospitals have suddenly opened 
their doors to tuberculosis patients mainly because of the increasing use 
of collapse therapy. It seems more probable that for years they have 
been admitting tuberculosis patients for all the other reasons mentioned 
—pneumonia, diabetes, cardiac conditions, otitis media, childbirth—and 
either ignoring the tuberculosis complication in the record or not tabu- 
lating it in the report. It is certainly true that, in the majority of the 
records of patients admitted for collapse therapy, tuberculosis must 
appear. It is this fact that may be changing the attitude of the general 
hospital. 

When the primary reasons for entering these hospitals were compared 
with the actual use of collapse therapy, it was noted that 156 patients 
entered the hospitals for collapse therapy, but 167 actually had it done. 
Furthermore, of the 156 who came in for collapse therapy, two refused it; 
and for five others the physician decided it was not to be done for such 
reasons as excellent response to bed-care, or because the disease was bi- 
lateral, or because the patient never had had positive sputum. There 
were 18 of the patients who came in, not primarily for collapse therapy, 
but for whom it was done. Five of these came in for observation, and 
had either artificial pneumothorax or a phrenic-nerve operation. Ten 
came in primarily for bed-care, eight of whom had pneumothorax, and 
two a phrenic-nerve operation. Two came in for therapeutic abortions, 
and had pneumothorax, and one who came in for bronchoscopy and 
pneumonography had a thorocoplasty done. 

It is interesting to see how the use of collapse therapy differed in the 
hospitals. In three hospitals there was no use of collapse therapy, the 
three hospitals having 87 pulmonary tuberculosis patients, one of them 
with a large number of Negroes with positive sputum. In three hospitals 
more than half of the patients had collapse therapy, these three hospitals 
having 127 pulmonary tuberculosis patients. One of these, also, is a 
hospital for colored patients. 

The method of reference of these 167 patients for whom collapse 
therapy was recommended is worth noting. As in the total number, the 
greatest percentage was referred by private physicians, namely 44.9 per 
cent. There were, however, only 28 individual physicians who referred 
patients for such treatment, and 24 of the 28 referred only one case. One 
referred two. The other three physicians referred 10, 15, and twenty- 
four. (Table 8.) 
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TABLE 8 
Source of reference for collapse-therapy patients 


SOURCE OF REFERENCE NUMBER 


Total patients for whom collapse therapy was used 167 


. Chest clinic 

. Out-patient department 
. Other institution 

. Private physician 

. Receiving ward 

. All others 

. Not stated 


The names of the physicians referring the cases, not those performing 
the operation, were studied for these facts. It is difficult to state just 
what these findings show. They would seem to indicate that compara- 
tively few of the physicians wish collapse therapy for their patients,— 
only 28 of the 190 who referred them. The 19 hospitals in this study, as 
has been stated, are not those specializing in the treatment of tubercu- 
losis. Chest clinics referred 38.3 per cent of those for whom collapse 
therapy was used, although chest-clinic patients made up only 15.3 per 
cent of the total number of pulmonary-tuberculosis patients in these 
general hospitals. 

As has been said, data about sputum reports were not available for 
41.9 per cent of the total 633 patients with respiratory tuberculosis. Of 
the patients for whom collapse therapy was used, there were 44.3 per cent 
for whom no sputum data were given. These omissions were largely 
among the 49 patients for whom phrenic-nerve operations were done: 
there were 71.4 per cent of them for whom no sputum data were given. 
These phrenic-nerve cases were for the most part patients who were in 
the hospitals only overnight—29 of them had only 2 days’ care or less, 
and in this group the sputum of only two was recorded. When the 
schedule was coded ‘‘no data” for the sputum item, it meant that in no 
place in the hospital folder was there an intimation of sputum tests or 
data about sputum before entrance. 


12. PATIENTS AS TO WARD OR PRIVATE ROOM PATIENTS, AND BY PAYMENT 


Five of the 19 hospitals from which records were secured did not give 
permission to study the records of private-room patients. Patients of the 
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other 14 hospitals, however, were made up of 83.0 per cent ward patients, 
and 17.0 per cent private or semiprivate patients. 

In two of the hospitals for which we had complete records, every tu- 
berculosis patient was a ward patient. In two, between 90 and 99 per 
cent were ward patients. In one hospital, however, only 36.4 per cent 
were ward patients, and in another 56.2 per cent. These were hospitals 
in which collapse therapy was used more frequently. 

In all 19 hospitals we were able to learn whether the patients were free, 
part-pay, of full-pay patients, although some hospitals were unwilling to 
state the amounts paid. 

Of the 736 ward patients, 497, or 67.5 per cent, were free; 188, or 25.6 
per cent, part-pay; and 51, or 6.9 per cent, full-pay. The proportion of 
free patients varied from 100 per cent to 13.3 per cent. Only 3 hospitals 
showed less than 25 per cent of their waid patients free; in 6 hospitals 
between 25 and 50 per cent were free. It is thus evident that general 
hospitals are not securing financial returns by admitting tuberculous 
patients. The 678 ward patients for whom we have data paid the 
hospitals $7,171.68, or an average of $10.58 per patient. Since the aver- 
age length of stay of these patients is 36 days, it can readily be seen that, 
unless the general hospitals are subsidized in some way for the care of 
tuberculosis patients, there is small financial inducement for them to 
offer care. 

There were 110 patients in private and semiprivate rooms. Seven 
were cared for free of charge, these being doctors and nurses connected 
with the hospitals. Seven were part-pay, and 96 full-pay. Data about 
the amounts paid the hospitals were available in this study for 83 private- 
room patients, who paid $7,559.26, or an average of $91.07 per patient. 
Many of these were patients in the hospital for short periods of care for 
collapse therapy, the same hospitals in which collapse therapy was done 
having greater proportions of private patients. 

Among the private-room patients, 94 had pulmonary tuberculosis. 
One was a miliary-tuberculosis patient and 15 had nonpulmonary tu- 
berculosis. Of the 94 with pulmonary tuberculosis, 44, or 46.8 per cent, 
were in the hospital from one to four days. ‘There were three, however, 
who were in private rooms more than two months. One of these was a 
doctor in the hospital and one a nurse; both of these were cared for with- 
out charge. The third was a patient who had a tonsillectomy, nephrec- 
tomy and thoracentesis done. 

For the pulmonary-tuberculosis patients cared for in private rooms, 


TUBERCULOSIS PATIENTS IN GENERAL HOSPITALS 129 


collapse therapy was used in 42 instances, whose periods of care were for 
the most part less than four days. Other reasons for admission of these 
private-room patients were pneumonia, childbirth, therapeutic abortions, 
asthma, abnormal heart conditions, gastrointestinal studies, cerebral 
haemorrhage, diabetes, and thoracentesis. 

- Of the patients for whom collapse therapy was employed, 25.1 per cent 
paid for care in private rooms, whereas of the total patients only 17.0 
per cent were in private rooms. The short term of hospital care neces- 
sary for collapse-therapy patients accounts, partially at least, for the 
greater use of private rooms. These two factors, the shorter hospitaliza- 
tion and the ability to pay for care, make such patients more welcome to 
general hospitals. 

Almost every general hospital since the depression has been running a 
big deficit. Short-term-care patients who are able to pay are less likely 
to add to the problem of the hospital administration. The tuberculosis 
organization and physicians urging general hospital care for the control 
of tuberculosis have a telling argument when they recommend patients 
for collapse therapy to general hospitals. 

Sputum reporting was tabulated according to whether the patients 
were ward or private-room patients. Of the 676 who had pulmonary 
tuberculosis (including miliary, meningitis, and generalized) 581 were 
ward patients and 95 private-room patients. Of the 581 ward patients, 
211, or 36.3 per cent, were stated to have positive sputum; and of the 95 
private-room patients, 15, or 15.8 per cent. Again the question of pro- 
tection of the hospital workers is brought to mind. 


13. PATIENTS BY NUMBER OF DAYS OF CARE 


The length of care of tuberculosis patients in general hospitals was 
strikingly less than in sanatoria. In these general hospitals the most 
usual length of care was five to thirteen days, whereas a study of State 
Sanatorium patients showed the most usual length of care as being two to 
three months. 

Of all the patients whose entire length of care was ascertained, the 
average length of care was 36 days. ‘There were 52 who were in the hos- 
pital on December 31, 1933, and these records were not included in the 
number giving the average length of care. In some instances patients re- 
entered the hospital, and for such the total number of days of care of all 
admissions was counted. There were 750 of the 834 patients who were 
admitted and discharged in 1933, the average time of care being 30 days. 
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The figure of average length of care is open to the criticism of average 
figures. The few patients who were in the hospital for long periods of 
care make the average high. This is shown by the fact that 66.5 per cent 
of the 782 patients discharged before the end of the year were hospitalized 
less than 30 days. 

Of the patients with pulmonary tuberculosis, the mode was in the 
5- to 13-day period of care. A slightly higher percentage, 68.9, were in 
the hospital less than 30 days. 

For the patients with tuberculosis other than respiratory the picture 
of length of care is rather different. The mode is in the 14—29-day period, 
and there is no peak as there is for the respiratory cases. Instead of 
almost 70 per cent being in the hospital less than 30 days, only 55.9 per 
cent were. The longer period of hospital care for bone tuberculosis and 
for urogenital complications is recognized. 

The hospitalization periods of the patients with pulmonary tuberculosis 
were divided as to whether ward or private-room patients. Of the ward 
patients, only 65.9 per cent were in the hospital less than 30 days, 
whereas, of the private-room patients in this group, 85.4 per cent were in 
the hospital less than 30 days. 

The patients with pulmonary tuberculosis were also studied according 
to reason for admission and period of care. There were two groups ac- 
cording to reason for admission that were concerned with nontuberculous 
conditions. The first of these is composed of those who came in for 
operation or procedure other than for a tuberculous condition. In this 
group are included patients who came in for childbirth, therapeutic abor- 
tions, tonsillectomies and appendicectomies, gastrointestinal studies, or 
hemorroidectomies. The second group is composed of those who came 
primarily for a nontuberculous disease—largely pneumonia, anaemias, 
carcinomata, mental diseases, otitis media, cholecystitis, salpingitis, or 
heart conditions. These two make up the more typical general hospital 
picture. There were 151 of the tuberculosis patients in these two groups, 
or 23.9 per cent of the total. There were 431 who came in primarily be- 
cause of their pulmonary tuberculosis, and 51 who, although they had 
pulmonary tuberculosis, came in primarily for tuberculosis other than 
pulmonary. 

Of the pulmonary-tuberculosis patients who entered primarily for 
nontuberculous conditions, 74.1 per cent were hospitalized for less than 
a month; of those who came in primarily for their pulmonary tuberculosis, 
68.7 per cent; and, of those who had both pulmonary tuberculosis and 
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some other form of the disease, coming in primarily for the nonpulmo- 
nary condition, 55.1 per cent. (Table 9.) 


TABLE 9 
Pulmonary tuberculosis patients by length of care according to primary reason for admission 


PRIMARY REASON FOR ADMISSION 


LENGTH OF CARE 


not tuberculosis 


nosis 


Procedure or operation, 
lous 


Observation and diag- 
Bed-care 
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Bone tuberculosis 
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It is evident that the tuberculosis patient in the general hospital is not 
there for long periods of care, and is not there for isolation. The greatest 
number are in the 5—13-day period of care. Two-thirds of them are 
hospitalized less than a month. Furthermore, of the pulmonary- 
tuberculosis patients, about one-fourth came in for operations, proce- 
dures, or diseases not primarily connected with their tuberculous disease, 
and of these three-fourths are hospitalized less than a month. 


14. PATIENTS BY CONDITION AT TIME OF DISCHARGE 


The statements of condition at time of discharge used in the general 
hospital records are not comparable with the terminology in use in 
sanatoria. Other acute conditions, even when accompanied by tubercu- 
losis, may be treated and overcome, and the patient discharged as 
“cured” or “improved” while the tuberculosis is still active. 

Of the 834 patients whose records were studied, 52 were still in the 
hospital on December 31. Of the other 782, there were 99, or 12.7 per 
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cent, who died in the hospital. Of the remaining 683, 93.0 per cent were 
discharged with consent, and 7.0 per cent without consent. The per- 
centage of deaths was of course highest among those who had generalized 
or miliary tuberculosis or tuberculous meningitis, 76.7 per cent of whom 
died in the hospital. Of those with pulmonary tuberculosis, 10.3 per 
cent died; and of those with nonpulmonary tuberculosis only 3.4 per cent. 

The 99 deaths occurred in 16 of the hospitals included in the survey. 
There is one hospital for colored patients that has a special fund for 
caring for tuberculous Negroes with positive sputum. There were 16 
deaths of the 31 patients whose records were summarized at this hospital. 
No other hospital, of course, showed such high mortality. There were 
three other hospitals in which there were 10 or more deaths, these being 
the hospitals which had cared for many tuberculosis patients. 

Of the 99 deaths, 51 were of white persons, and 48 of colored, the pro- 
portion of colored being far above the proportion of colored in the total 
834 patients. 

Of the 51 white patients who died, 17 died of the miliary or meningeal 
forms of tuberculosis. ‘These were for the most part of persons under 20 
years of age, six of them being under 5 years of age. Thirty had pul- 
monary tuberculosis, all of these being over 20 years of age. Four died 
of nonpulmonary tuberculosis, these also being over 20 years of age. 

Of the 48 colored patients who died, 16 died of the miliary or meningeal 
forms of tuberculosis, but these for the most part were over 20 years of 
age, only 2 infants being in this group. Thirty-one had pulmonary 
tuberculosis, the average age of these being, however, younger than 
among the white patients who died. Only one colored patient died of 
nonpulmonary tuberculosis—a patient with tuberculous salpingitis for 
whom an appendicectomy, uterine suspension, and dilatation of the 
cervix were done. 

When the reasons for admission of these 99 patients who died were 
tabulated, it was at once evident that bed-care for the pulmonary and 
acute forms of tuberculosis was the chief reason for admission, 55 of the 
99 having been admitted for such bed-care. The second reason for ad- 
mission of these 99 was the nontuberculous conditions, pneumonia and 
cancer being the most frequent reasons. There were 10 who were ad- 
mitted primarily for other types of tuberculosis than pulmonary—intes- 
tinal, bone and kidney being the chief reasons. Five who were admitted 
for collapse therapy died, four of whom were in the hospital more than 
two weeks. 
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Of the 99 who died, 65 were in the hospital less than a month, and 42 
less than 2 weeks. Only 2 were in the hospital more than 6 months. 
One was a man aged 22 with tuberculous pericarditis for whom a peri- 
cardiostomy and partial pericardectomy were done. He was a part-pay 
ward patient. The other was a woman aged 42 with a complication of 
diabetes, also a part-pay ward patient. (Table 10.) 


TABLE 10 
Deaths by length of time in hospital according to reason for admission 
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Of the 533 pulmonary-tuberculosis patients who were discharged alive 
in 1933, the records stated that 137 showed either no change or that they 
were worse. These figures about condition on discharge are of little 
value, because the reason for admission and length of care have so much 
weight in the closing of the record. It is interesting to find that 365 of 
the 533 pulmonary tuberculosis patients had “improved”’ as the result of 
their hospitalization: this may be referring to the nontuberculous condi- 
tion. In cases of collapse therapy the term does not fit aptly. Perhaps, 
when more study is given the care of tuberculosis patients in general 
hospitals, more satisfactory terms will be found. 


15. PLANS FOR PATIENTS ON DISCHARGE 


The plans for patients on discharge were evidently determined very 
largely, as might be expected, by the source from which they were referred 
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to the hospital, whether by private physician, chest clini¢s, or out-patient 
departments. 

Data about plan on discharge were sought for the 683 patients dis- 
charged alive during the year and secured for 464. The most frequent 
mention of supervision after discharge from the hospital was the use of 
out-patient departments, 23.3 per cent of the records of the patients 
stating they were referred to out-patient departments upon discharge. 
Only 17.9 per cent were referred to other hospitals, the most frequent 
one being the Philadelphia General Hospital, a hospital maintained by 
the city, where there is a special building for tuberculosis patients. The 
next institutions in order of frequency were State sanatoria.. There were 
just half as many referred to private and semiprivate sanatoria as were 
referred to these free institutions. Convalescent care in institutions not 
limited to tuberculosis was mentioned in 14 records. 

In 23 records other plans were mentioned, such as that the patient 
should go home for prolonged rest, to continue rest at home of relatives in 
the country, or combinations of out-patient department and home care. 
(Table 11.) 

TABLE 11 


Tuberculosis patients discharged alive from general hospitals, by plan on discharge according 
to type of tuberculosis 


By TYPE OF TUBERCULOSIS 


BY PLAN ON DISCHARGE 


Pulmonary Other 


10 


Other institution 
Private physician 
Out-patient department, including other 


Discharged without consent; no plan stated. .. 
No plan stated 162 


* Generalized and miliary tuberculosis, and tuberculous meningitis. 


Of those discharged alive, there were 533 who had diagnoses of pul- 
monary tuberculosis. The most frequent mention of after-supervision 
for these was also out-patient departments and chest clinics, 21.6 per 
cent being referred to them; 19.7 per cent were referred to other institu- 
tions, whereas only 9.3 per cent of the nonpulmonary patients were thus 
referred. 
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The plans on discharge were influenced, as has been said, by the 
patients’ experience before being admitted to the general hospital. The 
largest group in the 533 pulmonary-tuberculosis patients, so far as source 
of reference was concerned, was composed of those referred to the hos- 
pitals by private physicians. Of these the most frequent after-care, of 
course, was reference back to the private physician. Only 13.3 per cent 
of those sent in through private physicians were sent to other institutions, 
and 7.2 per cent were referred to out-patient departments. 

The second group in the pulmonary-tuberculosis patients as to ref- 
erence was composed of those referred by chest clinics, and two-thirds of 
such patients were referred back to clinics when they were discharged 
from the general hospitals. It is to be remembered that almost two- 
thirds of the chest-clinic patients were sent to the general hospitals for 
collapse therapy. It may be an indication of a decreasing use of sana- 
toria that so many were referred back to the clinics again after discharge, 
rather than to sanatoria. Only 12.6 per cent of the chest-clinic patients 
were referred to other institutions. The groups which were referred most 
frequently to other hospitals and sanatoria were of those sent in by out- 
patient departments, other institutions, and those who came in through 
receiving wards; 34.6 per cent of such patients were referred on discharge 
to other hospitals and sanatoria. The adequate provision of sanatoria 
for long-time periods of care has been the aim of much educational and 
legislative work. These 533 pulmonary-tuberculosis patients in general 
hospitals, only 3.4 per cent of whom were referred by other institutions, 
and only 19.6 per cent of whom were referred to other institutions after 
their care in the general hospital, show a method of care other than in 
sanatoria for pulmonary-tuberculosis patients. The facts are well worth 
knowing, whether one is interested as a practising physician, as a sana- 
torium man, a hospital superintendent, a public-health nurse, or a tuber- 
culosis secretary. 


SUMMARY AND CONCLUSIONS 


1. In astudy of 19 private general hospitals in the city of Philadelphia, 
tuberculosis patients constituted, in 1933, 0.8 per cent of the patients ad- 
mitted for all causes. Of the total number of patient days provided by 
these hospitals, tuberculosis patients used 2.1 per cent. About one-sixth 
of the Philadelphia patients admitted for tuberculosis in 33 sanatoria 
and institutions from which we have data received care in general 
hospitals. 
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2. Approximately three-fourths of the tuberculosis patients treated in 
general hospitals in Philadelphia had pulmonary tuberculosis, and the 
other nonpulmonary forms. Ofthenonpulmonary forms, bone, urogenital 
or intestinal tuberculosis were frequently recorded. 

3. About 10 per cent of the pulmonary-tuberculosis patients had mini- 
mal tuberculosis, 45 per cent had advanced tuberculosis, and for 35 per 
cent the stage was not stated. The others had suspected or childhood- 
type tuberculosis. 

4. In Philadelphia about 30 per cent of the tuberculosis patients in 
general hospitals were colored. Sixty per cent were between the ages, 
15 to40 years. They were divided about equally as to sex. 

5. A large number of complicating illnesses appeared in the records of 
these tuberculosis patients. The most common for the patients with 
pulmonary tuberculosis were pneumonia and pleurisy with effusion. 
Syphilis, abnormal cardiac conditions, tonsillitis and diabetes were 
common complications. Therapeutic abortions and appendicectomies 
were frequently reasons for hospital care. 

6. The communicable character of tuberculosis was not particularly 
emphasized in the general hospitals, as indicated by the omission of data 
about sputum from about two-fifths of the pulmonary-tuberculosis 
patients’ records. 

7. About one-fifth of the tuberculosis patients entered the hospitals 
for conditions not connected with that disease. 

8. History of previous institutional care was not complete, only one- 
quarter having had any record of such care. These records showed as 
many with previous general hospital experience for pulmonary tubercu- 
losis as with care in special tuberculosis sanatoria and hospitals. 

9. Reference of tuberculosis patients to the general hospitals, in order 
of frequency, was by private physicians, hospital out-patient departments, 
chest clinics and receiving wards. 

10. For about one-fourth of the patients with pulmonary tuberculosis, 
collapse therapy was used. Other forms of treatment were bed-care for 
short periods of time; operations for nonpulmonary tuberculosis and for 
nontuberculous conditions; and bed-care for nontuberculous conditions, 
particularly pneumonia. 

11. More than 80 per cent of the tuberculosis patients were ward 
patients. The financial returns to the general hospitals for tuberculosis 
patients were insignificant except for those admitted for collapse therapy. 

12. The average length of care of the tuberculosis patients in general 
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hospitals was 36 days. The greater number, however, were in the 
hospitals from: 5 to 13 days. 

13. Nearly one-eighth of the tuberculosis patients in general hospitals 
died in the institution. The short periods of care, and the many com- 
plications treated, made statements of condition on discharge of little 
value so far as the outcome of the tuberculosis condition was concerned. 

14. Only one-sixth of the tuberculosis patients discharged alive in 
1933 were sent from the general hospitals to other institutions upon 
discharge. For the most part the patients were returned to the source 
which referred them to the hospital, that is, to the private physician, 
chest clinic or out-patient department. 


SCHEDULE USED FOR SECURING DATA 


1. Name of patient 
3. Date of birth 
7. Previous institutional care for tuberculosis 
Name of institution Date of adm. Date of discharge § Type of care 


8. Date of admission to this hospital 
10. Date of discharge 11. No. of days of care 
12. Free, part pay, full pay (total amount paid) 
13. Reason for admission to hospital (isolation, lung collapse, bed care, other operation, 
other condition) 
14. Site of tuberculosis at last admission 15. Complications 
16. Stage of tuberculosis, if respiratory. 17. Dates of pos. sputum 
. In what ward or wards was patient given bed care 
. Type of tuberculosis treatment given: bed rest, collapse therapy (what kind) 


. Reason for discharge: with consent, without consent. 
To other institution, service (name 
. Condition on discharge 
. Was patient used for teaching purposes 
. Date of filling in this schedule 
. With what agencies is patient or family registered with Social Service Exchange 
. Remarks. 


1934 
27 
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THE MECHANICS OF RESPIRATION! 


PAUL M. ANDRUS 


Because of the basically dynamic nature of the intrathoracic organs, 
the study of pulmonary diseases is closely tied in with the mechanics of 
respiration. The literature of recent years in this field shows a distinct 
trend towards applying the principles of physics to the understanding of 
pathological processes. Nevertheless, considerable differences of opinion 
are still encountered as to the nature and possible relation to pulmonary 
disease of the various intrathoracic forces. We have therefore attempted 
a somewhat detailed study of the nature and value of the gross mechan- 
ical forces which operate upon the lungs during respiration. The prob- 
lem has been approached from the standpoint of pure physics, the 
inquiry ceasing at those points where the more debatable because as yet 
unmeasured physiological aspects arise. 

The present study is concerned essentially with the mechanics of the 
normal lung and pleura. The mechanical effects of abnormal anatomical 
conditions such as bronchial obstruction and pulmonary collapse, etc., 
will be examined in a subsequent communication. 

Two questions will here interest us primarily. The first is the negative 
pressure of the pleural space, a force to which pathological effects are 
frequently, and, we think, incorrectly ascribed. The second is the 
mechanics of the expansion of the lung. We propose to show that the 
text-book description of the expansion of the lung as an inflation or gas- 
pressure effect, is not borne out by the physical conditions involved, but 
that the lung is normally expanded by a process of hydraulic traction 
exerted on the visceral pleura, by the outward moving thoracic walls, 
and in spite of, instead of with the assistance of, the intrapulmonary 
gas pressure. ‘This situation implies a new conception of the nature and 
value of the stresses to which the lungs are exposed during respiration, 
and hence also of the relation of these forces to pulmonary disease. Part 
I treats of the mechanics of the pleura, and Part 2 of the mechanics of 
the lung as a whole. 

Professor R. L. Allen of the Department of Physics of the University 

1From the Mara Laboratories at the Queen Alexandra Sanatorium,? London, Canada. 

2 Assisted by the National Research Council of Canada. 
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of Western Ontario has very kindly given continuous aid in the prepara- 
tion of this manuscript, and concurs in the correctness of the physical 
principles outlined. 


PART 1 


THE MECHANICS OF THE PLEURA 


Probably the most misinterpreted of all the intrathoracic forces is the 
negative pressure of the pleural space, that is, the subatmospheric pres- 
sure of the contents of the closed pleural sac. This negative pressure in 
the pleural space is regularly cited in the literature as a cause of both 
normal pulmonary function and of pathological injury to tissue: that 
is, the excess pressure of the gas in the lungs over that of the contents of 
the pleural space, is credited with producing these effects. The present 
section aims primarily at the examination of these concepts. 

Before proceeding to a consideration of function, certain anomalies 
in the current descriptions of the anatomy of the pleura must first be 
reviewed. In the first place the pleural surfaces are normally moist: 
that is, they are covered by a thin but definite layer of liquid. This is 
made evident if the surface of a lung is allowed to dry in air. A dry 
parchment-like surface results, which is in striking contrast to the normal 
glistening moist surface. This means that the normal pleural cavity is 
not “empty,” but is occupied by a layer of liquid between the pleural 
faces. For this reason the customary description of the pleural sac as 
a “potential” (1) or “non-existent” (2) space does not correctly express 
the physical situation. In studying the nature of the thoracic forces, 
therefore, it is clear that the pleural sac must be treated from the physical 
standpoint as an actual body-cavity with contents, and not as a “poten- 
tial” or “non-existent” space. 


A. The Statics of the Pleura 


It is first necessary to examine the statics of the pleural space, that is, 
the forces to which the pleura is subjected at positions of respiratory rest. 
To do this let us consider the respiratory movements to have been sus- 
pended at any phase of the respiratory cycle and sufficient time to have 
elapsed to permit the air-flow to continue to a state of equilibrium of 
pressure. Under these conditions let us review the stresses to which the 
pleura is subjected. 

The interrelation of the pleural stresses is shown schematically in 
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Fig. 1. Stresses operating on the pleura at positions of respiratory rest 
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figure 1, the pleural space being shown large for convenience of depiction. 
From within the lung the visceral pleura is exposed to the atmospheric 
pressure of the contained gas. Opposing this force, however, is the 
elastic traction of the stretched lung, which is customarily stated to be 
10 mm. Hg. at the end of inspiration (2). The algebraic sum of these 
forces is 750 mm. Hg., as shown in figure 1, and this is the force to which 
the intrapulmonary surface of the visceral pleura is subjected under 
these conditions. 

This is then the pressure which the contents of the closed pleural sac 
must also assume. Whether this represents an increase or a decrease 
in the “native’’ or “secretory” pressure of the pleural fluid, that is, of the 
pressure which would be present in a rigid walled chamber, we do not 
know. As will be enlarged on later, however, this adjustment of pressure 
should not be misinterpreted as constituting control of the position and 
movements of the visceral pleura. The pressure is however less than 
that of the intrapulmonary gas, and this difference constitutes the 
“negativity” of the pressure in the pleural space. The latter is thus due 
to, and is also precisely counterbalanced by, the elastic traction of the 
stretched lung. It is greatest at the position of full inspiration because 
the lung is stretched to the greatest degree and exerts the greatest elastic 
pull at this phase of the respiratory cycle. If the lung exerted no 
elastic pull, the pressure in the contents of the pleural space would be 
the same as that of the gas within the lung. 

At positions of respiratory rest, therefore, the visceral pleura lies at a 
position of complete equilibrium as to the stresses to which its opposite 
faces are subjected. Although the pressure of the gas in the lung is 
greater than the pressure of the contents of the pleural space, the former 
represents only a part of the forces in effect, the pressure difference being 
precisely neutralized by the elastic traction of the stretched lung. 

This equilibrium of the forces operating upon the two faces of the lung 
may be clearly grasped by considering the situation when pneumothorax 
is present. It is impossible that the microscopically thin and flexible 
visceral pleura should sustain without rupture any appreciable difference 
in the forces operating upon its opposite surfaces. Being free to move 
in all directions, it must adjust its position until it arrives at the point 
of equilibrium of the forces operating upon its opposite faces. The 
negative pressure of the pleural space, although still present, obviously 
cannot represent an imbalance of these stresses; otherwise the visceral 
pleura would be further displaced until a rebalance of forces was attained. 
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The pressure conditions cannot be different when the normal thin layer 
of liquid is present in the pleural space, except that, unlike air, the 
liquid is practically noncompressible, and does not change in volume with 
variations in pressure. 

It will be noted further from figure 1 that the only position of im- 
balance of stresses in relation to the pleural space is between the pressure 
of the pleural contents and that of the air on the outside of the thoracic 
wall. Thus the stress caused by the elastic tension of the stretched lung 
is ultimately sustained by the muscular and tensile strength of the peri- 
pulmonary walls. This arrangement is mechanically a very excellent 
one, leaving under these conditions the delicate visceral pleura entirely 
free from stress differences, and transferring the potential injury to the 
relatively rugged thoracic walls. As will be shown in the following 
sections, the physical situation during the respiratory movements differs, 
quantitatively but not qualitatively, from that of the position of respira- 
tory rest. 

The physical situation which we thus wish to emphasize is that the 
negative pressure of the pleural space does not represent an uncompen- 
sated stress upon the visceral pleura; that is, it does not represent a force 
which the surface of the lung and attached structures must resist if they 
are to avoid mechanical injury. Being a completely compensated and 
balanced stress it is incapable of causing any of the effects, physiological 
or pathological, so often attributed to it. 

This physical situation has thus an important bearing upon our con- 
cepts of the pathogenesis of pulmonary diseases. Mechanical injury to 
tissues, especially the dilatation of pulmonary air chambers is frequently 
ascribed to normal or pathological degrees of the negative pressure of 
the pleural space. From the physical considerations outlined, it is 
apparent that this cannot be the case. 

As will be enlarged on in a later publication, normal or abnormal 
degrees of elastic tension of the lung may well be capable of resulting in 
mechanical injury to tissue. This force, though reflected in the negative 
pressure of the pleural space, must not be confused with the latter as an 
agent in producing effects. 


B. The Dynamics of the Pleura 
(1) Physical Principles Involved 


Preparatory to studying the mechanism of the respiratory movements 
of the lung, it is first necessary to examine the forces which cause the 


ic 
ne 
De 
se 
h 
er 
ac 
se 
ot 
re 
d 
an 
he 
€ 
he 
se 
ic 
no 
be 
a 
ite 
is 
ler 
ng 
ng 
ax 
ble 
1ce 
ve 
int 
he 
sly 
ral 
ed. 


144 PAUL M. ANDRUS 


visceral pleura to accompany the outward movement of the thoracic walls 
during the inspiratory act. Familiarity with the gross anatomy of the 
pleural space gives the superficial impression that, except in the presence 
of interpleural adhesions, no mechanical attachment exists between the 
visceral and parietal layers of the pleura. Examination of the physical 
conditions involved, however, shows that this is far from being the case. 
This consideration has doubtlessly resulted in the erroneous concept of 
expansion of the lung by inflation. 

To study the physical principles concerned let us examine the system 
illustrated in figure 2, being a cylinder with two movable pistons. Con- 
sider the contents of the cylinder to be gas, and let traction be exerted 


OD 


upon piston A sufficient to overcome its frictional resistance. The initial 
movement of this piston would not be accompanied by a simultaneous 
movement of piston B. The elastic gas in the cylinder would expand to 
fill the newly created space and the gas-pressure would fall correspond- 
ingly. When the difference in the pressure between the gas on the 
inside and the outside of the cylinder exceeded the resistance to move- 
ment offered by the second piston (friction), a complementary movement 
of that piston would result. 

This piston would lag on its movement in relation to piston A. The 
source of energy would be the movement of piston A, but the immediate 
motive force would be the resulting excess of gas-pressure on its outer 
as compared with its inner face. If, for example, the temperature of the 
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gas within the cylinder were raised coincidently with the outward move- 
ment of piston A to such degree that no lowering of the gas-pressure in 
the cylinder resulted, there would be no secondary movement of piston B. 

Let us next consider the nature of the forces when the pistons are 
joined by a bar of nonelastic solid material as depicted in figure 3, the 
ends of the bar being attached to the surfaces of the pistons by adhesive 
material. In this case both the source of energy and the immediate 
motive force would, unlike the gas system, be provided directly by the 
movement of the first piston. The transference of energy is due to the 
fact that the bridge and its attachments are practically nonexpansible 
and nondisruptible within the limits of the forces applied. If stress in 


Fig. 3 


excess of these values is applied, the bridge will of course break at its 
weakest point. 

However, all solids have at least a limited degree of elasticity. This 
means that the complementary movement of the second piston may lag 
to this extent, and may continue to the same extent after the initiatory 
movement of piston A has ceased. Thus within these limits the im- 
mediate motive force in the case of the second piston may be due to 
elastic pull in the intervening bridge. For movements of obvious 
magnitude, and for most solids in which elasticity is not a readily ap- 
parent property, this is however negligible as a motive force. 

Let us now revert to figure 2, but consider the cylinder to be filled with 


* The popular conception of elasticity as “ease of deformity with readiness of recovery 
of size of shape,” is implied throughout the article. 


146 PAUL M. ANDRUS 


liquid. Both liquids and gases are fluids; that is, they readily assume 
the shape of the containing vessel. The characteristic feature of liquids 
as opposed to gases is, however, their incompressibility. Although 
liquids have a negligibly small degree of compressibility and elasticity, 
these are usually much less than in solids. This means that the volume 
of a liquid is approximately constant at all pressures so long as it retains 
its liquid state. ‘This also 1aeans that a liquid is inexpansible within the 
above-defined limits. Any liquid will, however, assume the gaseous 
state if the pressure is lowered sufficiently at the temperature concerned. 

When a body of liquid is prevented from changing its shape by con- 
finement in two planes as in a cylinder, it may transmit energy in pre- 
cisely the same way as does a solid. Thus, the transmission of energy by 
hydraulic pressure is common knowledge, incompressibility of liquids 
being the underlying principle. We are less accustomed to the thought 
that traction may be exerted through a liquid, yet within limits this is 
equally feasible because of the inexpansibility of liquids as such. 

With liquid in the cylinder (figure 2) let traction again be exerted upon 
piston A. The pressure in the contents of the cylinder will fall as in the 
case of gas, because of the frictional resistance to movement offered by 
piston B. To attain dislocation in position of an object, however, a 
place must be provided into which it may move. This may be accom- 
plished either by compression of, or by dislocation of, the medium or 
object which formerly occupied that space. Since the volume of a 
liquid is practically constant at all pressures as long as it retains its 
liquid state, it is apparent that the intitial fall in pressure in the liquid 
contents of the cylinder cannot provide a new space into which piston B 
may move. Under these conditions the necessary new space is attain- 
able only by dislocation of the liquid. This in turn is possible only by 
dislocation of piston A. No movement can therefore occur in either 
piston until the force is sufficient to overcome the frictional resistance of 
both pistons. When this occurs, the movement of the two pistons will 
be practically simultaneous in time and identical in degree. 

The complementary movement of the second piston when the cylinder 
is occupied by liquid is then due to precisely the same primary cause as 
when the pistons are joined by a bridge of solid material; that is, to the 
expansion-resisting, and breakage-resisting, properties of the materials 
of which the bridge is composed. 

The value of the adhesive forces between the liquid and the faces of 
the pistons will depend upon the materials of which both are composed. 
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When a surface is made wet by a liquid, that is, when a layer of liquid 
remains attached to the surface in preference to flowing off, it is apparent 
that the forces of adhesion between the particles of the solid and of the 
liquid are greater than the force of cohesion between the particles of the 
liquid. When a liquid does not wet a surface (for example mercury and 
glass); the force of cohesion between the particles of the liquid must be 
greater than the force of adhesion between the solid and the liquid. It 
may be noted in anticipation of applying the analogy of the cylinder and 
pistons to the dynamics of the pleural space, that the former is the situa- 
tion in the case of the pleural liquid and pleural membranes. Under 
these conditions the solid-liquid interface at the inner surface of the 
pistons therefore does not represent the weakest point in the interpiston- 
ary bridge; that is, the bridge will not break down at this point under 
less stress than is necessary to convert the liquid into gas. 

Thus, when the pistons are separated by liquid, the system functions 
in precisely the same way as when they are connected by a bar of non- 
elastic solid material. Any movement of either piston must be precisely 
duplicated by the other, and no lag in the movement of the second piston 
is possible other than that due to the infinitesimal elasticity of the 
liquid. The complementary movement of the second piston is thus 
clearly not the result of a pressure difference in the same sense as is the 
case with a gas-system, even though such pressure difference is present, 
but is the result of the cohesive and adhesive forces between the particles 
concerned. 

This situation however, as previously mentioned, is true only so long 
as the liquid retains its liquid state. There is, of course, a limit to the 
stress which either a solid or a liquid bridge may resist without disruption 
of continuity. The stress-resisting limit of a liquid bridge is that force 
necessary to reduce its pressure to that at which it boils at the tempera- 
ture concerned. Beyond this the liquid will be converted into gas and 
cease to exist as a liquid bridge. Thus water at room temperature boils 
at a pressure of about 18 mm. Hg. Ifa traction is exerted between the 
pistons of 760—18 = 742 mm. Hg., or about 13 lbs. to the square inch, 
the water will be converted into gas and unlimited separation of the pis- 
tons becomes possible. Any force of lesser degree will not produce a 
proportionate increase in the distance between the pistons as is the case 
when the cylinder is occupied by gas, but can produce no appreciable 
independent movement of either piston. 

It may be reasoned that if the outside gas-pressure were below that 
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necessary to produce boiling of the liquid, the rigid union between the 
pistons would not be present, and that the said union is therefore due to 
the said gas pressure. In a limited sense this is undoubtedly true. It is 
equally true that, if the temperature were above the boiling point at 
atmospheric pressure, the liquid would be converted into gas and the 
bond of union between the pistons would be thus disrupted. It is also 
true that if solids are heated to sufficiently high temperatures they will 
be converted into liquid and gas. The tractional force exerted though a 
bridge of solid material is in this way also due to temperature and 
pressure. One would, however, hardly state that the movement of 
piston B when traction is exerted upon piston A in the case of either a 
solid or a liquid bridge is due to the temperature of the. material, yet this 
is true in precisely the same sense as that it is due to the gas-pressure. 

The purpose of this section then is to demonstrate that, in a closed 
chamber occupied by liquid, a powerful bond of mechanical union is 
possible between the apposed walls. This attachment is similar in kind, 
and may transmit energy in precisely the same way as may an interven- 
ing bridge of solid material.‘ 


(2) Analogy with the Pleural Space 


This mechanical system of pistons, separated by liquid in a closed 
cylinder, accurately reproduces the physical conditions existing in the 
normal pleural space. The vertical and anteroposterior dimensions of 
the pleural space are relatively fixed, as are the two dimensions of the 
cylinder, and the visceral and parietal pleurae are two movable and gas- 
tight pistons. They are normally separated by a layer of liquid, but 
may, as a pathological condition, be separated by gas (pneumothorax). 
The muscles of the thoracic wall and diaphragm provide a source of 
power by which the parietal pleura may be moved analogous to piston A. 
The elastic tension of the lung also provides a source of power in one 
direction, but is functionally analogous to frictional resistance to move- 
ment in the other. 

During inspiration, one piston, the parietal pleura, is moved by direct 
traction of the mechanically attached thoracic walls. The second piston, 
the visceral pleura, must exactly and simultaneously follow this move- 
ment because it is functionally attached to the parietal pleura by a prac- 
tically inelastic bridge, the normal pleural liquid. To interrupt the 


‘The similarity is functional, and due to different molecular properties in the case of 
solids and fluids. 
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physical continuity of this bridge or its attachments, a separating force 
sufficient to reduce the pressure of the pleural fluid to its boiling-point at 
body temperature would be necessary. The boiling point of physiologi- 
cal saline solution at body temperature is about 50 mm. Hg. Hence, to 
effect separation of the normal pleural surfaces a separating force of the 
order of 760— 50 = 710 mm. Hg., or about 133 lbs., to the square inch 
would be necessary. If the visceral pleura then were to offer a resistance 
to movement in excess of 710 mm. Hg., the pleural liquid would be 
converted into gas and the attachment between the two layers of the 
pleura would be interrupted because a pneumothorax would be set up. 
As shown in the foregoing physical considerations, any resistance to 
movement below this level would not result in proportionate lag, but 
exact and simultaneous complementary movement of the visceral pleura 
must result. This duplication of movement must be entirely indepen- 
dent of the pressure of the intrapulmonary gas as long as this does not 
fall below the boiling-point of the pleural fluid at the temperature con- 
cerned. ‘This is of course an impossibly low level under any conditions 
which would otherwise support life. 

In the case of the normally very thin layer of pleural liquid, the addi- 
tional force of surface tension becomes important. Thus the boiling- 
point of a very thin layer of liquid is higher than that of a thick layer. 
In the presence of the normal microscopically thin layer of pleural liquid 
the pressure would therefore have to be reduced well below the normal 
boiling-point of the liquid before separation of the two layers of the 
pleura would become possible. Thus, the force of attraction between the 
layers of the pleura is even greater than that shown for the case of the 
pistons separated by liquid. 

We might note at this point the fallacy of describing the normal vis- 
ceral pleura as a “free” membrane. From the above description of its 
functional attachment to the parietal pleura, it is apparent that it is 
normally “free,’”’ that is, able to move independently of the related 
structures, only in the plane parallel to its own surface. This is func- 
tionally a very excellent device to prevent buckling or distortion of the 
lung if the ratio of the excursion of the peripulmonary wall to the depth 
of the underlying lung is not uniform in all directions. In other words 
it provides for more uniform expansion of all parts of the lung. In all 
other directions the normal pleura is anything but free, being attached 
to the parietal pleura by a functional adhesive agent, the integrity of 
which may be interrupted only by a force of more than 13 lbs. to the 
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square inch. Aside from this lateral slip, the normal functional relations 
of the visceral and parietal pleurae are not different from those when the 
two layers of the pleura are joined by pathological adhesions. 

When gas is present in the pleural space, the visceral pleura may be in 
fact a free membrane; that is, it has no high-value attachment to non- 
elastic solids. 

We conclude then, because of the physical conditions present, that the 
force, which moves the normal visceral pleura during the inspiratory act, 
is provided both primarily and immediately by the muscular energy of 
the thoracic walls. The outward movement of the parietal pleura is 
transferred to the visceral pleura by a process of hydraulic traction 
through the intervening practically nonelastic bridge of liquid. It is 
shown that this transmission of energy is entirely independent of pressure 
conditions, except within the infinitesimally small elastic limits of fluids, 
and in the sense that all solids, fluids and gases are dependent upon pres- 
sure as well as temperature conditions for the maintenance of their 
physical state. The movement of the pleura is entirely independent of 
the gas-pressure within the lung so long as this does not fall below that 
at which the pleural liquid boils at body temperature. Gas-pressure in 
the lung is therefore not the motive force which produces the inspiratory 
movement of the visceral pleura. 

From this, as well as the considerations outlined in the two preceding 
sections, it is also apparent that the normal respiratory movements 
of the visceral pleura are in no way a function of the negative pressure of 
the contents of the pleural space. 

When pneumothorax is present, however, the physical situation dupli- 
cates that of the two pistons when the intervening medium is gas. Being 
separated by elastic gas the parietal pleura is free to move outward during 
the inspiratory act, independently of the surface of the lung. The gas- 
pressure in the pleural space then falls and a gas-pressure difference is 
established between the contents of the pleural space and that of the 
lung. The contents of the pleural space being compressible, the visceral 
pleura is “pushed” outward by the excess pressure of the gas in the lung 
until the position of equilibrium of stresses is again attained. 

The force which moves the visceral pleura during the inspiratory act 
in the pathological state of pneumothorax is thus provided primarily 
by the movement of the thoracic walls, but immediately by the excess 
pressure of the gas in the lung over that in the pleural space. In the 
presence of pneumothorax, then, unlike that of the normally functioning 
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pleural space, the expansion of the sac of the visceral pleura is due to 
gas-pressure, that is, it is an inflation. 


L 


PART 2 


THE MECHANICS OF THE LUNG 
A. The Mechanics of Inspiration 


It is customary to describe the expansion of the lung as an ‘‘inflation,”’ 
indicating that the expansion of the air-chambers during the inspiratory 
act is attributed to gas-pressure. The usual conception of the mechanics 
of inspiration seems to be that new space is created immediately outside 
the visceral pleura by the outward movement of the thoracic walls, 
and that atmospheric pressure “pushes” the lung into this new space. 
The majority of text-books on physiology, etc., (3) (4) (5) (6) (7) (8) (9) 
(10) state that the force which expands the lung is the atmospheric pres- 
sure of the air. Others (11) (12) state that the increased capacity of the 
thorax with inspiration produces a lessened pressure of the air in the 
lungs. ‘This latter correctly explains the inflow of gas. It is apparent, 
however, that enlargement of the lung must precede this resulting fall in 
intrapulmonary gas-pressure, and that the motive force responsible for 
the actual expansion of the lung remains undefined. 

An analysis of the physical conditions involved indicates that it is 
impossible to explain the expansion of the lung as an inflation, that is, as 
due to gas-pressure. We propose to show, as mentioned in the intro- 
ductory paragraphs, that the pulmonary air-chambers are normally 
expanded by a process of direct traction by the outward-moving thoracic 
walls, and that the flow of gas and the gas-pressure changes are secondary 
to, and in no way a cause of, the expansion of the lung. From these 
considerations, certain deductions are warranted as to the nature and 
distribution of mechanical stresses in the lung, which have a direct bear- 
ing upon our concepts of the pathogenesis of pulmonary diseases. 


(1) Pulmonary Statics 


Having examined the nature of the forces to which the two layers of 
the pleura are exposed, both at rest and during the respiratory move- 
ments, we will now study as physical phenomena the movements of the 
pulmonary tissues and the flow of the gas in the lung during respiration. 

Let us first examine the nature of the forces which maintain the lung 
in the state of expansion and elastic tension at positions of respiratory 
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rest; that is, when the respiratory movements have been suspended and 
sufficient time has elapsed to permit the flow of gas to continue to a state 
of equilibrium of pressure. Let us determine, first, if the gas-pressure 
within the thorax is so directed as to be capable of maintaining the multi- 
ple air-chambers of the lung in a state of expansion in spite of their elastic 
contractile force.® 

At positions of respiratory rest, as above defined, the gas-pressure in 
each respiratory chamber and conducting passage throughout the lung 
is identical with that in all the surrounding air-chambers. Gas-pressure 
is of course capable of producing physical effects only by virtue of excess 
pressure over the apposing pressure. Since there is no pressure difference 
between the contents of adjacent chambers, it is apparent that gas-pres- 
sure cannot constitute the medium whereby the walls of the various pul- 
monary air-chambers are maintained in an expanded state under these 
conditions. 

An exception occurs in the case of the immediately subpleural layer 
of air-cells, in that a pressure difference does exist between their contents 
and that of the contiguous pleural space. It has, however, already been 
shown at some length that these pressures constitute only a part of the 
forces to which the visceral pleura is exposed, and that the pressure 
difference is accurately counterbalanced by the elastic tension of the lung. 
Being completely neutralized, it is incapable of producing effects in the 
tissues, such as maintaining air-cells in an expanded state contrary to 
the effects of gravity and elastic tension. 

Since, under these conditions no pressure difference that is effective in 
the tissues exists between the contents of any of the intrathoracic air- 
chambers, it is apparent that gas-pressure cannot be the agent responsible 
for the maintenance of the expanded state of the lung at positions of re- 
spiratory rest. If the collapsible air-chambers of the lung are not main- 
tained in their state of patency by a force operating within each chamber, 
we are left with the alternative conclusion that the lung is maintained 
patent as a unit, and the multiple smaller chambers as parts thereof. 
The elastic tension of the lungs and their constituent collapsible chambers 
must therefore be maintained by reason of anchorage at the surface to 
the surrounding thoracic walls. The physical nature of this anchorage 


5 The terms “air-chamber,” “air-cell,” and “‘air-sac,” are here used to indicate the es- 
sentially collapsible respiratory unit supplied by the terminal conducting passage-way. It 
thus comprises a number of microscopic subdivisions, variously named by different workers, 
yet possible of functioning as a single chamber from the standpoint of gross physics. 
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has already been considered in detail in preceding sections. It has been 
shown that pressure effects in the contents of the lungs and pleural space 
do not operate in such a manner as to explain the functional attachment 
of the two layers of pleura. Conversely it has been demonstrated that 
this attachment is due to the cohesive and adhesive properties of the 
normal layer of pleural liquid and the pleural membranes, the value of 
these being considerably in excess of any counterforce that may arise 
in the living subject. 

We therefore conclude that the patency and elastic tension of the 
multiple collapsible air-chambers of the lung is maintained by reason of 
mechanical anchorage to the more rigid and muscular peripulmonary 
walls, and that this physical state cannot be explained as a gas-pressure 
effect. 


(2) Pulmonary Dynamics 


Let us next study the expected effects upon the body of the lung of the 
outward movement of the thoracic walls. In the first place, since, at the 
position of respiratory rest, the gas-pressure throughout the lung is the 
same as that of the outside air, it is apparent that the initial force with 
which inspiration commences cannot be applied throughout the body 
of the lung, but must commence at the surface. This initial surface 
energy is, of course, provided by the outward movement of the thoracic 
walls. The question then arises whether this initial energy is propagated 
to produce expansion of the remainder of the lung by reason of gas-pres- 
sure changes, or by way of the solid tissues. ‘The mode of propagation of 
this energy constitutes the means by which the multiple intrapulmonary 
air-chambers are expanded. 

As inspiration proceeds it has been shown that the visceral pleura, 
because of its physical attachment to the thoracic walls, must imme- 
diately and intimately follow every movement of the latter. The pul- 
monary tissue being attached to the visceral pleura must accompany 
this movement whether by traction from the surface or propulsion from 
within. 

Consider then the first increment of outward movement of the thoracic 
walls and physically attached visceral pleura, commencing when the 
gas-pressure is uniform throughout the lung as from a preceding resting 
stage. The initial outward movement of the visceral pleura is then a 
mechanical outward displacement of one wall of each of the immediately 
subpleural air-chambers. Such movement, of course, constitutes ex- 
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pansion of these chambers. This must then be the initial event in ex- 
pansion of the lung and, until this occurs, no expansion of the remainder 
of the lung is possible. 

Let us see, then, how this initial inspiratory movement may be prop- 
agated to produce expansion of the remainder of the lung. Two routes 
of transference of energy are possible on a physical basis: first, as a gas- 
pressure wave, and, second, by traction through the solid tissues of the 
lung. Let us examine these in turn. 

If an isolated expansion of the subpleural layer of air-chambers occurs, 
the pressure of the contained gas must fall as a result. A gas-pressure 
difference is thus set up between them and the adjacent air-chambers, 
as a result of which these latter will in turn expand. Ona physical basis 
it is thus quite possible for the expansion of the lung to occur as a gas- 
pressure wave passing from periphery to hilum. Given a lung with 
“sag”’ in its tissues, that is, one in which the fibres are longer than the 
distance between the points of attachment of their ends, expansion would 
be expected to proceed by this physical means. The human lung, being 
highly elastic, is however always stretched in a state of tension even at 
the position of forced expiration, and its constituent fibres must always 
pass by the shortest possible route between their points of attachment. 

Because, therefore, of the nature of the materials of which the solid 
tissue of the lung is composed, expansion by such gas-pressure waves is 
not the expected effect of the outward movement of the visceral pleura. 

When traction is exerted upon one end of an elastic band, the other end 
being fixed, the energy is transmitted equally to every portion of that 
elastic. In addition, there is no measurable time lag in the transference 
of the energy, the expansion of every section of the elastic being practi- 
cally simultaneous with that of the source of the movement.® 

The human lung is composed of highly elastic material and under 
normal conditions is stretched in a state of elastic tension even at the 
position of the greatest possible expiration. ‘The initial outward move- 
ment of the visceral pleura is therefore necessarily accompanied by a 
simultaneous lengthening of the elastic of the lung in all directions in 
which the pleura moves. In accordance with the above-stated principles 
of transmission of energy in an elastic, it is apparent that the increased 
tension and displacement of points will not be confined to the position of 


* A measurable wave of tension occurs when an elastic band is extended by a very rapid 
movement commencing suddenly, such as is conveyed by a “jerk.” No movement of this 
type clearly occurs in human inspiration even when forced. 
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the source of the motion. The stress will be distributed equally through- 
out any axis of motion, but of course it may be different in different axes. 
In addition, the propagation of the energy will be practically simul- 
taneous with the causative motion, and cannot, as in the case of a gas- 
wave, occur as a stress-wave with a temporal lag. 

Each elastic axis in the lung is of course a series of connected air-cell 
walls, and lengthening of any axis means a simultaneous expansion in 
that direction of each related air-chamber. The total outward move- 
ment of the pleura in all directions therefore predicates a simultaneous 
expansion of all the elastic air chambers throughout the lung. 

The essential factor, then, that indicates that the multiple air-chambers 
throughout the lung are normally expanded by traction from the pe- 
riphery and not by gas-pressure is the time element involved in the 
production of effects by these two methods. An inflation necessitates the 
flow of gas from one place to another, and this requires a measurable 
period of time. In the case of the multitudinous minute air-channels 
of the lung, the lag in the flow of gas is relatively pronounced. Trans- 
mission of the expansile force along the elastic tissue of the lung, however, 
can be associated with no measurable time lag in relation to the causa- 
tive motion in accordance with the physical laws of transmission of 
energy in an elastic. 

For this reason we conclude that the air-chambers of the lung are 
normally expanded by traction on their elastic walls from the periphery, 
before it is possible for this result to be attained by gas-pressure. 

In the presence of pneumothorax, it was shown in an earlier section 
that the inspiratory movement of the visceral pleura is, contrary to 
normal conditions, a gas-pressure effect or inflation. It must be noted, 
however, that this relates only to the sac of the visceral pleura and not 
to the body of the lung as a whole. The expansion of the air-chambers 
elsewhere throughout the lung can be expected (other than quantita- 
tively) to proceed in the same way and for the same reasons as under 
normal conditions. 


(3) The Inflatory Hypothesis 


The question as to the motive force which produces the expansion of 
the lung may however be approached from another viewpoint. Let us 
consider the physical conditions under which expansion by inflation is 
possible, and if these conditions are present in the human body. 

A balloon may be inflated either by increasing the gas-pressure at the 
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communicating aperture, or by lowering the gas-pressure surrounding 
the body of the balloon. The former method is of course possible in the 
case of the lung only by such artificial means as the use of the pulmotor. 
If the normal inspiratory enlargement of the lung is a gas-pressure effect, 
it can result then only from a lowering of the peripulmonary pressure. 

A first impression may suggest that this necessary physical condition 
is provided by the negative pressure in the contents of the pleural space. 
For two reasons, however, it is clear that this cannot be the case. In the 
first place, it has been shown in the preceding sections that the negative 
pressure of the pleural space is only a part of the stresses to which the 
visceral pleura is exposed. It is shown that there is no predominance of 
the total forces operating upon the pulmonary surface of the visceral 
pleura over those operating upon its intrapleural face. It is clear, there- 
fore, that there is no expanding force operating upon the surface of the 
lung on this account. 

Second, in order to inflate a balloon, a space must be provided into 
which it may expand. The contents of the normal pleural space being 
both incompressible and extremely small in volume, the necessary new 
space cannot be provided within the pleural sac. This space can there- 
fore be attained only by an outward dislocation of the pleural sac, the 
actual new space being provided by displacement and compression of the 
air surrounding the thoracic walls.?_ In fact, since no new space can be 
provided except outside the thoracic walls, that is, by their dislocation, 
it is clear that the functional wall of the lung during respiration is not the 
pleura, but the complete thoracic wall, to and including the skin. 

During inspiration, then, the pressure surrounding the functional wall 
of the pulmonary balloon is atmospheric or trivially higher, and that 
within the balloon is subatmospheric. This however is precisely the 
reverse of the physical relations necessary to produce expansion of the 
lung by inflation. During inspiration then the gas-pressure relations of 
the lung are so directed as to produce reduction in size of the balloon, and 
inspiration must be accomplished by the respiratory muscles in spite of 
and against this force. 

These considerations are therefore confirmatory of the previous con- 
clusion that gas-pressure does not constitute the motive force which pro- 
duces the normal inspiratory expansion of the lung. 

As indicated in a previous section, the physical situation is quite dif- 


* The latter, of course, trivial and transitory. 
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ferent when the pathological state of pneumothorax is present. The 
inspiratory outward movement of the thoracic walls produces a lowering 
of the gas-pressure in the closed pleural sac. This, unlike the normal 
pleural space, produces the necessary physical situation to permit of 
expansion of the lung by inflation, namely, an excess of gas-pressure in 
the lung over that outside the functional pulmonary wall (in this case the 
visceral pleura), together with a compressible peripulmonary medium 
into which the lung may expand. 

Thus we conclude as before that, in the pathological state of pneumo- 
thorax, the sac of the visceral pleura is expanded by gas-pressure or 
inflation. 


(4) The Pulmonary Gas-Pressure and Stresses 


The foregoing conclusions as to the mechanics of the expansion of the 
lung demand a concept of the distribution of gas-pressure and mechanical 
stresses within the lung different from that implied by an inflatory hy- 
pothesis. When an elastic sac is expanded by inflation, that is, by raising 
the gas-pressure at the mouth of a communicating tube or by reducing 
the gas-pressure surrounding the wall of the sac, a pressure gradient is 
established during the inflating process: that is, the pressure varies uni- 
formly from the periphery, to the mouth of the communicating tube, 
being highest at the latter position. 

This would then be the expected distribution of gas-pressure in the 
human lung if it were expanded by inflation. During inspiration the 
pressure would be highest in the expansible air chambers in the region of 
the hilum. These would then “bulge” into the adjacent chambers hav- 
ing lower gas-pressure, and would therefore be subjected to a dispropor- 
tionate mechanical strain. The distribution of stress would be reversed 
during expiration, the peripheral air-cells being subjected to the highest 
pressure. ‘ 

However, since it has been shown that expansion of the lung by infla- 
tion is not possible under the physical conditions existing in the normal 
thorax, this deduction as to the distribution of gas-pressure in the lung is 
also not warranted. 

Let us then review the distribution of intrapulmonary gas-pressure 
that would be expected from expansion of the lung by peripheral traction 
as laid down in the present article. 

Since the expansible air-chambers are expanded simultaneously and 
not serially throughout the lung, the gas-pressure must fall, not progres- 
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sively from periphery to hilum, but simultaneously throughout these 
expansible units. The air would then flow into the air-sacs from the 
relatively nonexpansible bronchial reservoir because of the pressure dif- 
ference thus set up between the dilatable and nondilatable chambers of 
the lung. The necessary gas-pressure gradient would thus be set up in 
the bronchi, while the respiratory chambers would operate under a more 
uniform gas-pressure. 

The precise uniformity of gas-pressure distribution and mechanical 
stress in different parts of the lung is, of course, less predictable. Thus, 
this will depend upon the variation in elasticity of different parts of the 
lung; upon the ratio of the size of the gas-chambers to the amplitude of 
excursion of the thoracic wall in any direction; and upon the freedom of 
the lung to adapt itself to the varying shape of the chamber in which it is 
contained. Thus, Macklin (10) has pointed out that pathological fixa- 
tion of the hilum may be expected to prevent proportionate expansion of 
those parts of the lung situated posteriorly and above this region. In 
addition, the interalveolar pores as described by Macklin (13) and others 
(14) must play a decisive réle in equalizing pressure differences resulting 
from minor uneveness of expansion, and thus protect the air-cell walls 
from consequent mechanical stress. 

From the physical considerations contained in this paper we are there- 
fore entitled to deduce that the gas-pressure and mechanical stresses to 
which the normal lung is subjected are of at least the same order in 
different parts of the lung at a given time. This may be presumed to be 
a functionally superior arrangement to that of a continuously variable 
gas-pressure and mechanical stress in different parts of the lung as pre- 
dicted by an inflatory hypothesis. 

It is customary also to regard the upper lobes of the lung as being 
functionally less active than the bases. In this connection it is impor- 
tant to differentiate between the mechanical effects of expansion, and 
those of dislocation of a chamber. The former, we have shown, can be 
expected to be at least relatively uniform in the air-cells in different parts 
of the normal lung. Dislocation of a structure, such as is involved in the 
displacement of a section of lung from one part of the thoracic cage to 
another, does not however necessarily or primarily imply an alteration in 
the size or mechanical stress of the part concerned. A given cell may be 
transposed with no alteration in its size or relation to the surrounding 
parts. The relatively greater respiratory excursion of the peripheral 
and basal portions of the lung should therefore not in itself be interpreted 
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as indicating either greater expansion or greater mechanical stress of the 
air-cells concerned. It seems possible or even probable, however, that 
those portions of the lung undergoing the greatest respiratory excursion 
are subjected to more internal mechanical disturbance than the less 
mobile parts. Lymphatic circulation, for example, might well be aided 
by such mechanism. It is, however, not clear that the less mobile por- 
tions of the lung are essentially less active in their function of aeration 
than are the parts undergoing greater respiration excursion. 


(5) The Expansion of the Bronchi 


Macklin (10) (15) has shown that elongation of the bronchi is an 
essential element in the expansion of the lung, and that without such 
elongation the respiratory tissues would be splinted and immobilized. It 
has also been shown (16) by bronchoscopy, and by radiography after the 
instillation of radioépaque material, that the bronchi increase in diameter 
with full inspiration, although the effect is not visible during quiet 
respiration. 

This physiological dilatation of the bronchi is attributed (15) (17) to 
the excess of gas-pressure within the bronchi over that of the surrounding 
respiratory tissues during the inspiratory act, although mechanical pull 
by the expanding lung is given as a contributory cause. That the order 
of importance of these factors as causative agents should be reversed, is 
made clear by consideration of the conditions under which the phenom- 
enon is observed. 

The expansion of the bronchi is most clearly observed in X-ray ex- 
posures made at the position of maximal and sustained inspiration. When 
such a position is sustained, the air flows into the lungs and an equilibrium 
of pressure is attained in, say, a fraction of a second. When the intra- 
bronchial and peribronchial gas-pressures are thus equalized, there is, of 
course, no force that may sustain a dilatation on this account, but this 
is the very condition under which the phenomenon is best visualized. 
If a gas-pressure difference between the inside and the outside cf the 
bronchi were the cause of their dilatation, the elastic and muscular 
bronchi would necessarily resume their former size when the gas-pressure 
reached an equilibrium on suspension of the respiratory movements. 

It is true that the gas-pressure stress is so directed as to assist in the 
inspiratory dilatation of the bronchi. Since, however, the gas-pressure 
difference is apparently insufficient in itself to produce dilatation, and 
since the dilatation is fully sustained in the absence of a gas-pressure 
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difference, we must assign a relatively minor réle to the latter in produc- 
ing this effect. 

Since the inspiratory expansion of the bronchi is not primarily a gas- 
pressure effect, we must conclude that they are dilated by the mechanism 
which causes the expansion of the remainder of the lung, namely, me- 
chanical traction from the receding thoracic wall operating through the 
intervening respiratory tissues. Although the individual air-cell walls 
are very delicate, the sum of the large numbers of walls provides a tractile 
medium of ample strength. 

The same mechanism must provide the motive force by which the 
bronchi are elongated during inspiration. 


B. The Mechanics of Expiration 


From the foregoing physical considerations, certain deductions as to 
the nature of the stresses to which the lung is subjected during the 
expiratory act are also warranted. 

During inspiration a reserve of energy is provided and stored up by 
the muscular efforts, which may be released to produce a passive or non- 
muscular expiratory movement. This reservoir of energy is of two types: 
first, the effect of gravity on the thoracic walls by which the downward 


and inward lever movement of the ribs reduces the volume of the thoracic 
cavity; and, second, the increased elastic tension of the lung resulting 
from the expansile movement. 

The question then arises as to the relative importance of the possible 
sources of energy in producing the expiratory outflow of gas. Whether 
the air is “pushed” out of the lung by pressure upon the surface, or is 
expressed by a generalized contraction throughout the body of the lung, 
is of great practical importance, because the two methods imply a quite 
different distribution of the stresses to which the lung is subjected. 

As shown in the preceding sections, the negative pressure in the con- 
tents of the pleural space is directly caused by, and provides an accurate 
index of, the elastic tension of the lung. Examination of the pressure 
changes in the pleural space therefore provides direct evidence as to the 
nature of the pulmonary stresses during expiration, and from this 
may be deduced the gross features of the mechanics of the expiratory 
movements. 

Graphs of the pleural pressure during respiration (18) show that during 
normal or deep breathing this is at all times subatmospheric or nega- 
tive. This means that, during normal breathing, as the thoracic walls 
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move inward and the dimensions of the lung are shortened, the re- 
sulting slack in the lung tissue is taken up simultaneously by the con- 
traction of the pulmonary elastic. If this were not the case the pleural 
pressure would become positive during expiration. During the progress 
of normal expiration, the following physical conditions may therefore be 
inferred: 


(1) The state of tension in the lung is at least approximately uniform through- 
out the course of any elastic axis. 

(2) The degree of expansion of the multiple air-chambers, the walls of which 
comprise any elastic axis, is approximately uniform. 

(3) The gas-pressure is approximately uniform throughout any such periphery- 
to-hilum series of air cells. 


In consideration of the normal freedom of the lung to adapt its shape 
to the shape of the containing chamber, a relative uniformity of gas-pres- 
sure throughout all the expansible chambers of the lung may then be de- 
duced in the same way as this was done for inspiration. The necessary 
gas-pressure gradient to produce air-flow is thus set up between the 
expansible elements of the lung and the relatively nonexpansible con- 
ducting pathways. 

From the preceding physical considerations we then conclude that air 
is normally expelled from the lung during expiration by the elastic con- 
traction of its multiple component chambers. Although the thoracic 
walls must move inward to permit this contraction of the lung, such 
movement is not a propulsive agent under normal conditions. We may 
also conclude that expiration is normally purely a “passive” movement, 
the energy for its movement being provided and stored up in the elastic 
fibres of the lung by the muscular energy of the preceding inspiration. 

In the case of abnormal expiration, however, the situation as to the 
distribution of stresses may be different. Abnormal expiration may be 
conceived as resulting from unusual obstruction to the outflow of gas; 
from unusual force applied to produce the outflow of gas; or probably 
usually from a combination of the two. 

With partial or complete interference with the outflow of air, the 
pleural pressure during a variable proportion of expiration is shown by 
graphic records to become positive (18). This must mean that the dif- 
ference between the intrapulmonary and the atmospheric gas-pressures 
exceeds the elastic pull of the lung. Let us revert however to the prop- 
erties of an elastic. When the ends of an elastic band under tension are 
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approximated at not too great a speed, the slack is taken up practically 
simultaneously throughout the course of the elastic; that is, the change 
in tension is distributed equally throughout the elastic without appreci- 
able time lag. If, however, the approximation of the ends of an elastic 
commences, finishes, and is executed quite rapidly, that is, with a move- 
ment such as is commonly described by the word “‘jerk,”’ the distribution 
of stresses will be different. If one end approximates the other with a 
movement of this type, the reduction in the length of the elastic will for 
the moment be confined to the field of the excursion of the moving point. 
Thus the tension of this section of the elastic will be greatly reduced while 
the remainder of the elastic is still stretched at the original tension. The 
energy will then be propagated as a wave along the remainder of the 
elastic until an equilibrium of tension is restored. 

In the case of a fixed partial bronchial obstruction with abnormal 
expulsive effort, the gas-pressure and the elastic tension of the part would 
be increased. The distribution of stresses should however be uniform 
as in the normal lung, and no isolated part of the affected section should 
be subjected to disproportionate mechanical stress. 

A physical situation however occurs in the human lung characterized 
by transient obstruction, and an expiratory effort coming within the 
range of movement here described as a “jerk.” This is, of course, the 
act of coughing. During cough the thoracic walls execute a rapidly com- 
mencing and rapidly ending inward movement, in the presence of ob- 
struction at the larynx. That this movement occurs more rapidly than 
the elastic of the lung is able to take up the slack is evidenced by the fact 
that the pleural pressure immediately becomes very high. This is an 
everyday observation in administering pneumothorax therapy, when an 
inadvertent cough on the part of the patient may eject the water from 
the manometer tube. We are thus entitled to predict for cough a 
localized lessening in the elastic tension at the immediate surface of the 
lung. For the same reasons, and unlike normal expiration, this is 
accompanied by a simultaneous localized increase in the gas-pressure in 
the same areas. These physical conditions would be expected to result 
in a dilatation of the peripheral air-chambers to a substantially greater 
degree than in the remainder of the lung. 

It would therefore appear that the act of cough subjects the peripheral 
air-cells of the lung to an important mechanical stress not shared by the 
air-chambers elsewhere. In fact, the development of such a peripheral 
excess gas-pressure is presumably the purpose of cough. 
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The question arises as to the relation of this stress to pulmonary dis- 
ease. Whether or not severe and protracted cough results in mechanical 
injury to the lung of normal elasticity is a matter for conjecture. In the 
presence of lung tissue of subnormal elasticity there is however ample 
evidence of localization of injury at the seat of these abnormal stresses. 
Thus, in autopsy material, the immediately subpleural localization of 
gross emphysematous air-blebs is very conspicuous. This physical 
interpretation of an immediately subpleural concentration of abnormal 
stresses during the act of cough would therefore seem to have satisfactory 
pathological corroboration. 


SUMMARY 


1. An examination has been attempted of the gross physical stresses 
to which the lungs and pleura are subjected during respiration, with 
special reference to the possible relationship of such stresses to pulmonary 
disease. 

2. It is demonstrated that the negative pressure of the contents of the 
pleural space is a completely counterbalanced force, and is therefore not a 
possible cause of the various normal and pathological effects frequently 
ascribed to it. 

3. It is shown that the current description of the expansion of the lung 
as being due to atmospheric pressure is contrary to the physical conditions 
existing within the thorax. Conversely, it is shown that the normal lung 
is expanded by hydraulic traction exerted on the visceral pleura by the 
outward-moving thoracic walls. 

4. The foregoing implies an altered conception of the nature of the 
mechanical stresses, and of the distribution of gas-pressure within the 
lung ;—considerations which have a practical relationship to our concepts 
of the causes of pulmonary diseases. 

5. It is shown that in the normal lung the apices are not essentially less 
functionally active than are tlie more mobile bases. 

6. It is shown, on a physical basis, that cough exerts a peripherally 
localized mechanical stress on the lung, which may be a source of injury 
at this position. 
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SPONTANEOUS HAEMOPNEUMOTHORAX! 


OSWALD R. JONES anp CHARLES LOUIS GILBERT 


Because of the fatal outcome of a case of iodopathic haemopneumo- 
thorax which was recently admitted to the medical service at St. Luke’s 
Hospital, New York, it was felt that by reporting this case in detail 
together with a review of the literature pertaining to such a condition, 
we might possibly aid in the diagnosis and treatment of future cases of 
this rather obscure disease. 


HISTORICAL 


In the study of the literature covering the past fifty-five years, special 
emphasis was placed on those cases of so-called idiopathic spontaneous 
haemopneumothorax or spontaneous haemopneumothorax in the appar- 
ently healthy. Of this type, we were able to discover 19 cases. Of the 
4 other cases reported here, two were possibly of tuberculous origin, 
one was definitely of tuberculous and traumatic origin, and the fourth 


was of traumatic origin. These last 4 cases were added because of the 
close resemblance which two of them bore to the idiopathic group and 
because the remaining two serve to emphasize certain important aetio- 
logical and clinical features. (The summary of these cases obtained from 
the literature appears at the end of this article.) 


Aetiology 


It might be well to state at the onset that it is impossible in most cases 
to draw any aetiological distinction between the cases of so-called idio- 
pathic spontaneous pneumothorax and those cases of idiopathic spon- 
taneous haemopneumothorax. ' Only in the past few years, however, has 
the material for anatomical study been of sufficient quantity to warrant 
naming with any degree of assurance a definite aetiologic factor. 

Certain authors, including Cummer (1), felt that this so-called idio- 
pathic condition was the result of a latent nondemonstrable tuberculosis, 
while others regarded it as the first manifestation of pulmonary tuber- 
culosis. Goodhart (2) and Williamson (3) thought that the condition 

1 From the Medical Service of St. Luke’s Hospital, New York City, Dr. H. S. Patterson, 
Chief of Service. 
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was the result of the rupture of a single emphysematous vesicle, while 
Weber (4) felt that the condition resulted from the rupture of a minute 
superficial emphysematous bulla, adherent to the parietal pleura and 
itself resulting from a healed miliary tubercle. He also stated that the 
only difference between the tuberculous and idiopathic cases of pneu- 
mothorax (or haemopneumothorax) was that in the former the tuber- 
culous lesion was active while in the latter the tuberculous focus was 
healed. Fischer (5) showed with autopsy findings that the condition 
could result from the rupture of a solitary air-vesicle developed from 
scar-tissue located at the apex of the lung in persons whose lungs other- 
wise were normal. 

K jaergaard’s (6) conclusions were that the disease was due to the rupture 
of a valve vesicle on the surface of the lungs. He added that there were 
two forms of valve vesicles; one form, the scar-tissue vesicle, which 
developed especially in the apices of the lungs next to scars that might 
have resulted from healed tuberculosis. These scar-tissue vesicles were 
often multiple, and he felt that they were probably the most frequent 
form of valve vesicles. The other form, the emphysematous valve 
vesicles, he felt, developed through local emphysematous changes with- 
out scar-tissue. These valve vesicles he thought might occur as large 
solitary vesicles on the lung borders. In one case Kjaergaard (6) was 
able to demonstrate the presence of a vesicle on the surface of the lung. 

Another aetiological factor in the causation of idiopathic spontaneous 
pneumothorax or haemopneumothorax is the rupture of an adhesion 
between the lung and the chest-wall as a result of some vigorous body or 
lung movement with a change in the relationship of the contiguous 
surfaces. 

Krause and Heise (7) reported a case of spontaneous haemopneumo- 
thorax in a patienet who had far-advanced pulmonary tuberculosis and 
who several hours prior to onset of the haemopneumothorax received 
one pneumothorax treatment. Autopsy revealed a torn adhesion which 
had been pulled away from the thoracic wall by the instilled air. 

This same mechanism must be considered in the two cases of idiopathic 
haemopneumothorax reported by Pitt (8) and Horsden and Piggot (9), 
where almost identical findings were present at the postmortem ex- 
amination. In the former case there was a small projecting emphy- 
sematous bulla about half an inch from the right apex. A fibrous band 
attached to the bulla was torn. No evidence of tuberculosis was present. 
In the latter case a small puckered tuberculous scar was located at the 
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apex. Also present near the apex were two subpleural blebs, and 
attached to the apex of one emphysematous bleb were two firm cord-like 
adhesions which appeared to have been torn away from the chest-wall 
before death. No other evidence of tuberculosis was present. The 
onset in the latter case was accompanied by a violent coughing attack; 
in the former no exercise was mentioned as accompanying the onset. 

Whittlesey (10) felt that, since approximately 20 per cent of the cases 
of idiopathic pneumothorax have recurrent attacks, the collapse is not 
due to any inflammatory cause, tuberculous or otherwise, which would 
be so apt to produce adhesions strong enough to prevent a recurrence. 
In connection with this, Palmer and Taft (11) report one case in which a 
patient was found to have had a dry spontaneous pneumothorax on the 
left side from which he made a good recovery. 

That tuberculosis is the most common cause of pneumothorax is un- 
doubted. According to Pottenger (12), this complication of tuberculosis 
as a rule comes when the disease is well advanced, and, in many of the 
cases which he has observed, it was preceded by symptoms of activity in 
the tuberculous process. In 20 of the 25 cases of spontaneous haemo- 
pneumothorax there was no clinical evidence of tuberculosis either before 
or after onset. Follow-up reports varying in time from four months to 
four years and averaging eighteen months were obtained in 7 cases. In 
3 cases, the X-ray at the time of report was normal and in 3 other cases 
a physical examination done was negative. In the seventh case, the 
follow-up consisted only of a written report from the patient which stated 
that he was in good health. 

In the two cases reported by Ness and Allen (13), there was X-ray 
evidence of pulmonary tuberculosis, but otherwise they were symptom- 
free. Morlock (14) reported a case of traumatic origin in a boy who was 
knocked down by a horse and carriage, the wheels of the latter passing 
over his body. There was no perforating injury, and it was thought that 
the haemopneumothorax was due to rupture of the lung with the resulting 
escape of air and blood. 

An analysis of 17 idiopathic cases showed the age-limits to be seventeen 
years and forty-four years. In 62.5 per cent of the cases, the accident 
occurred in the third decade. It is of significance to note that all of the 
patients were of the male sex. This might be explained in part by the 
greater physical activity of this sex. 

One case gave a past history of pneumonia and pleurisy seventeen years 
earlier, and two cases a history of dry pleurisy. Another case gave a 
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history of frequent colds and tired feeling for several months, while a 
fifth patient complained of winter cough and chest pains for five years. 
Fischer’s (5) case described himself as not feeling well for one year 
previous to onset. The family history for tuberculosis was negative in 
each case (no mention made in three cases). There was no predilection 
as to the side of the thorax in which the disease was found, there being 
9 cases involving the left side and eight involving the right side. (No 
mention made in two.) 


Pathology 


In the so-called idiopathic group, there were 5 post-mortem examina- 
tions including the authors’. Pitt’s (8) case revealed a large amount of 
blood and air under tension. At the apex was an emphysematous bulla, 
attached to which was a torn fibrous band. Rolleston’s (16) case 
revealed a large amount of blood without any evidence of the presence of 
air. The lung was inflated under water without demonstration of a 
rupture. This might be explained, however, on the deposition of fibrin 
and cellular material of the blood, making a small plug in the bleeding 
area during the course of his illness which was seven days. Minute 
examination of the rest of the body for disease, including dissection of one 
joint, failed to reveal any other pathological involvement. No evidence 
of tuberculosis was present. 

In the Horsden and Piggot (9) case, blood and air were present, much 
of the blood being clotted. At the apex of the collapsed lung was a small 
puckered tuberculous scar surrounded by two subpleural blebs. At- 
tached to the apex of one of these were two firm cord-like adhesions which 
appeared to have been torn away from the chest-wall before death. On 
section the lung appeared normal. No blood was in the bronchi or 
trachea, nor was the site of bleeding found. The right lung showed 
emphysema with an old scar adherent to the chest-wall. The examina- 
tion of the body was otherwise negative. 

Fischer’s (5) case showed four and a half litres of blood besides air in 
the right pleural cavity. The right lung was completely collapsed and 
was covered with coagulated blood. The only pathological changes in 
the lungs were slight “scarry” retractions in both apices, with multiple 
cherry-stone-sized and some larger conspicuously protruding blebs. The 
surface of these apical-scar blebs was smooth with no pleural adhesions 
present. One of the larger blebs in the right apex showed a small tear, 
the edges of which were covered with coagulated blood. The apical 
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scar blebs were multiloculated and on cross-section revealed a definite 
emphysema. The blebs were situated directly upon the scar-tissue. 
Numerous sections were examained from all parts of the lungs but in 
no place was there any other evidence of emphysema or tuberculosis. 

Krause and Heise’s (7) case showed a very large amount of blood 
present. There were no adhesions at the apex. Ventralward 4 cm., 
and cephalic to the caudal tip of the upper lobe, there was a very dense, 
stout adhesion. On the anterior surface of the lung, 5 mm. away from 
the adhesion, was a small hole 2 mm. in diameter in the centre of an 
umbilicated area which was over a small cavity. The bleeding point 
could not definitely be made out. The cut surface of the lung showed 
florid tuberculosis. 


Symplomatology 


The initial symptom in 22 of the 24 cases reported from the literature 
was pain, which was abrupt in onset and located on the side of the path- 
ological changes. In 6 cases the pain was sharp, and distributed over 
the shoulder of the side affected. In 7 cases, pain was present over the 
anterolateral chest surface, while in 3 cases it was in the lower chest and 
abdomen; in 2 cases the pain was in the chest, shoulder and abdomen, and 


in 2 other cases it was over the lateral surface of the chest and over that 
side of the back. In one other case the onset was ushered in by collapse, 
and in Morlock’s (14) case of traumatic origin, by collapse and general- 
ized abdominal tenderness. The 2 remaining cases were not fully 
described. In 20 cases the initial symptom of pain was followed by 
symptoms of marked weakness and faintness. The interval between this 
sequence varied from several hours to several days, but usually it was 
approximately twelve hours. This latent interval is probably deter- 
mined by the rate of blood loss, the onset of which usually occurs with 
the initial symptom. 

Of particular interest and importance are the abdominal symptoms 
which appeared early in the clinical picture and were present in 9 of the 
22 cases. These symptoms were abdominal pain, nausea, vomiting, and 
diarrhoea. The pain occurred in the right upper quadrant in 3 cases, 
in the right lower quadrant in two cases and twice in the left side of the 
abdomen. Nausea and vomiting occurred five times and was accom- 
panied by abdominal pain in three cases. Diarrhoea was an early 
symptom in one case. 
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Physical Findings 


Classical signs of a pneumothorax with fluid were present in 17 out of 
22 cases (no report in two cases) at the time of the original examination. 
A succussion splash and metallic tinkle were usually present. In each 
case the heart was displaced to the good side. Signs of air and fluid in 
the chest-cavity were not present until 24 hours after the original ex- 
amination in 5 of 22 cases, even though at this time the patient showed 
signs and symptoms of shock. The abdominal findings in connection 
with the patient’s history were so strongly suggestive of an acute surgical 
abdomen in 5 of 22 cases that surgical measures had to be considered, 
and in two cases exploratory laparotomies were performed with negative 
abdominal findings. These two latter cases, reported by Fischer (5) and 
Morlock (14), had extreme generalized pain, especially marked in the 
right upper quadrant, nausea and vomiting, generalized abdominal 
tenderness with muscular spasm and loss of liver dulness. The possi- 
bility of a ruptured peptic ulcer was considered in each case. In a third 
case by Rolleston (16), an exploratory laparotomy for a possible ruptured 
peptic ulcer would have been performed except for the moribund condi- 
tion of the patient. 

Abdominal tenderness was present in 7 cases while muscular spasm was 
present in six cases. These signs occurred together in 5 cases, and were 
located in the right upper quadrant three times, and in the right lower 
quadrant twice. In the two cases in which pain was found in the right 
lower quadrant, the possibility of acute appendicitis was strongly con- 
sidered. Tenderness and spasm were present twice in the left upper 
quadrant and on three occasions were generalized. There was an absence 
of liver dulness in 3 cases, while in 2 other cases the liver was displaced far 
down in the abdomen. Such abdominal signs and symptoms as were 
present can readily be understood when the anatomical distribution and 
reflex mechanism of the involved nerves are understood. According to 
Pottenger (17), the crura and central tendon of the diaphragm and that 
portion of the pleura and peritoneum overlying and underlying it are 
innervated by the intercostals. The lower segments of the pleura which 
consist of the costal portion of the diaphragmatic pleura and the lower 
parietal pleura receive innervation not only from the lower 6 intercostal! 
nerves but also from sympathetic nerves, the connection fibres of which 
arise from the lower 6 thoracic segments of the cord. These same seg- 
ments also send sympathetic fibres to most of the important abdominal 
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viscera. ‘Thus, in the lower 6 thoracic segments of the cord, there is an 
intimate association between neurons coming from the lower segments of 
the diaphragm and those from the abdominal viscera. This association 
accounts for the presence of referred abdominal symptoms when the 
pleura or diaphragm are involved by a pathological process. 

Signs of shock, weak and thready pulse, lowered blood-pressure, dia- 
phoresis and dyspnoea were present in 12 of the 16 cases, and undoubtedly 
resulted from the haemorrhage and mediastinal shift, especially the 
former. In 4 cases, a low-grade temperature was present on first ex- 
amination; and in 9 cases this was found present after the acute phase was 
over. This temperature only in the case now being reported remained 
elevated after the first week. 


X-Ray Findings 


X-rays were taken on 8 of 19 cases of spontaneous haemopneumo- 
thorax, and in each case there was definite evidence of a pneumothorax 
with a fluid-level. In none of these plates was there any evidence of 
tuberculosis on the contralateral side. Two were taken four months 
and two were taken one year after recovery, and one, two months after 


recovery. None of these revealed any evidence of tuberculosis at that 
time. In one of the cases, the X-ray taken four months after recupera- 
tion showed a small amount of fluid remaining and there was still some 
retraction of the affected chest as evidenced by the narrowed intercostal 
spaces. This case had been treated while in the hospital by the removal 
of all the blood which could be obtained. In the other 3 cases, the lung 
fields were clean and only in one was a report of emphysema made. In 
the fifth case, the X-ray showed a thickened pleura on the affected side. 

In the case reported by Krause and Heise (7), there was X-ray evi- 
dence of advanced bilateral tuberculosis before the onset of the haemo- 
pneumothorax. The 2 cases reported by Allen (15) had X-rays taken 
five months and one year following discharge. In the first case, the 
affected side was less translucent, and the affected lung had not fully 
expanded. There also was evidence of fluid still present, and a question 
as to whether or not there was a tuberculous process in the upper half of 
the affected lung was raised. In the second case one year later the X-ray 
indicated a distinct tuberculous lesion near the base of the affected lung 
and some scattered lesions on the opposite side. However, in both of 
these cases, the X-ray shadows may have been due to a residual fibrosis 
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resulting from the bleeding. In the authors’ case, an X-ray revealed a 
clear lung field on the opposite side from the haemopneumothorax. 


Laboratory Findings 


In the 5 cases of the idiopathic group and in the authors’ case, blood 
counts were done. In three of the idiopathic group, there was a definite 
secondary anaemia; and, in a fourth, the count was taken at a time sup- 
posedly before the blood-stream had been diluted with the tissue fluids, 
and was hence normal. The case being reported at this time showed a 
severe secondary anaemia. The white count in the idiopathic group 
varied from 6,700 (polymorphonuclears were not estimated) to 20,000,— 
81 per cent polymorphonuclears. In two of these at the time of discharge 
the white count was still elevated, being 14,000 each. In the authors’ 
case the white count varied from 23,700 with 87 per cent polymorpho- 
nuclears to 40,000 with 90 per cent polymorphonuclears, and at time of 
death it was 35,000. The blood removed from the chest-cavity in 4 cases 
showed no growth on culture and gave no tuberculous lesions in an in- 
oculated guinea pig. In 8 cases, sputum examinations were done, and in 
each case were negative for tubercle bacilli. Bleeding and coagulation 
times and platelet counts, done on 2 cases, were all normal. Haemo- 
globulin and red counts made on the chest-fluid in 2 cases showed 
them to be essentially the same as those of the circulatory blood-stream. 


Clinical Course 


In most of the patients who managed to survive the period of shock 
from the massive haemorrhage and sudden mediastinal shift, improve- 
ment was slow and steady.- The course of the disease in 13 of the 19 
idiopathic cases, which eventually made a recovery, was a prolonged one. 
The average duration of disease was 59 days, while the shortest duration 
was 10 days and the longest 98 days. Those cases ending fatally were 
six in number, and in three of these death occurred in twenty-four 
hours. Rolleston’s (16) patient lived for seven days, during which time 
he was acutely sick, and, according to the author, death probably re- 
sulted from exhaustion. In five out of six of the fatal cases, no attempt 
was made to remove more blood than was necessary for diagnosis. In 
the fatal case here reported, however, approximately 3,500 cc. of blood 
was taken out of the chest-cavity. The duration of the disease was 
apparently not affected by removal of the blood from the thorax, for in 
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the 5 cases, that had 1,000 cc. or more of blood taken out, the average 
duration of the disease was 58 days. 

Death in the authors’ patient occurred after 36 days, and only after the 
patient had run a very stormy course, with a temperature ranging 
between 101° and 105°, and a white count varying from 20,000 to 40,000. 


Treatment 


In two of the idiopathic cases which reached recovery, diagnostic taps 
only were done. In these 2 patients, both of whom were less acutely ill, 
improvement was slow, but the eventual cure was just as complete, and 
occurred in 48 and 52 days. In 9 other cases of recovery, large amounts 
of blood, or blood and air, were removed (500 to 1,000 cc.). In these 
cases, as would be expected, the condition at the time of tapping was more 
critical. The duration of sickness in these cases averaged 67 days, and 
recovery was complete. In only one of these cases was more than 500 
cc. of blood removed at one aspiration, and in this case 1,000 cc. was 
removed on two occasions. In the remainder of those idiopathic cases 
which recovered, treatment, if any, was not described. In the 4 patients 
who died, treatment consisted of diagnostic taps only. In two of these, 
death supervened in 24 hours. In one of these fatal cases an exploratory 
laparotomy was performed. In the case mentioned by Leggett, e¢ al. 
(18), the lung had been kept collapsed by artificial pneumothorax for a 
number of years following the patient’s illness, and the patient was 
symptom-free except for some slight pain on the affected side of his chest. 
In the authors’ case, 2,000 cc. of blood was removed, and 2,000 cc. of air 
replaced in four thoracenteses. Following these four thoracenteses, 
1,900 cc. of air and 380 cc. of blood was removed in two aspirations. 
Morlock (14), in his case of traumatic origin, removed 900 cc. of blood 
and air during one aspiration, which was continued for 24 hours and 
only stopped because the patient developed symptoms of pleural irri- 
tation. 

In those cases of idiopathic haemopneumothorax in which the haemor- 
thage appears to play a minor réle and is small in amount, treatment 
should consist only of a diagnostic tap. However, if the signs of marked 
mediastinal shift are present and the patient has much respiratory 
difficulty, manometric chest readings should be taken and excessive 
pressures of air removed. 

When the signs and symptoms or X-ray reveals an extensive haemor- 
thage, the treatment should differ. In all but five of the 19 idiopathic 
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cases, bleeding apparently stopped spontaneously. ‘Therefore, while 
the patient is acutely ill and there are signs to indicate continued bleed- 
ing, the treatment should be absolute rest, supplemented by such seda- 
tives or narcotics as are deemed necessary. Wieting (19) has shown that, 
when one is dealing with injuries to the lung, nothing is so fatal as ex- 
cessive movement of the patient. Absolute rest is necessary. When 
the patient does not respond to absolute rest and sedatives and there is 
evidence of continued bleeding, the risk of a thoracoscopy with endo- 
pleural cautery of the bleeding point must be considered. Kipfer (20) 
has reported a case of idiopathic spontaneous pneumothorax successfully 
treated by thoracoscopy and endopleural cautery. The possibility of 
not being able to find the source of bleeding has to be considered, as was 
shown by the postmortem examination of three of these patients. 

After the patient has survived the first few critical days, and the signs 
of bleeding have disappeared, treatment should consist of removal of the 
blood up to 500 cc. in amount every two or three days, and the equivalent 
volume of air be replaced. In this manner the lung and its relationships 
are not changed and the blood which acts as a foreign-body is removed. 
Failure of absorption of the blood, with the possible consequence of a 
calcified pleura, distortions in the thoracic cage and spinal column, and 
even of heart damage in the form of right-sided enlargement, and perhaps 
failure, is thus eliminated. 

When large quantities of blood are left in the pleural cavity, there also 
are present large deposits of fibrin, and that this can organize in such a 
fashion as to cause circulatory obstruction is well shown by the authors’ 
case. Death in this case resulted largely from circulatory obstruction in 
the mediastinum, as was shown by the greatly dilated inferior vena cava, 
and portal and left renal veins. The liver and gastrointestinal tract were 
markedly congested, and in the latter gross haemorrhage was found. 
At postmortem examination, 4,000 cc. of free blood and 750 cc. of free 
fibrin, as well as a dense layer of organized fibrin 5 to 7 mm. thick, was 
found to be present, lining the thoracic cavity and surrounding the 
mediastinal contents. Had this blood been removed earlier and the same 
volume of air instilled, the obstruction by the fibrinous deposits from the 
blood could have been to a great extent prevented. 

Kjaergaard (6) feels that intravenous injections of salt solution and 
blood transfusions are contraindicated because of the possibility of in- 
creasing the blood-pressure, with a resulting aggravation of the haemor- 
rhage. This idea, however, is not accepted by all writers, and should 
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there be signs of continued bleeding and evidence of impending death, 
_ transfusions up to 500 cc. should certainly be used. Transfusions should 
not be used in any attempt to bring the blood count up to normal, 
however, since various medications for anaemia can be employed with a 
slower effect tending to prevent any possible occurrence of excessive blood- 
volume or pressure. The blood present in the pleural cavity may safely 
be reinfused providing it is unclotted. According to Brown and Deben- 
ham (21), the blood of an infected haemothorax clots immediately, but, 
when the pleura is free from infection, the blood will remain unclotted 
for days, due probably to the defibrinating action of the diaphragm. In 
Krause and Heise’s (7) case, where florid tuberculosis was present, the 
blood was clotted. Rossi (22) has shown experimentally that if the 
microscopic appearance in size, shape and color of the erythrocytes is 
normal, reinfusion may safely be carried out regardless of the interval that 
has elapsed since the extravasation. 

In 14 of the 19 idiopathic cases, bleeding stopped without any form of 
intervention and, in 8 of these 14 cases, the bleeding had apparently 
stopped within the first 48 hours. In all 5 fatal cases, bleeding was 
profuse and unresponsive to conservative treatment. 


COMMENT 


In carefully analyzing the cases reported in the literature, together 
with the detailed examination of our own case, we were struck by the 
great similarity between the aetiology of the idiopathic pneumothorax 
and the haemopneumothorax. The factors seem to be the same in so 
far as the rupture of the lung and the escape of the air into the pleural 
cavity are concerned, whereas the accompanying haemorrhage can only 
be explained on the basis of chance. When an emphysematous bleb 
ruptures because of increased intrapulmonary or intrathoracic pressure, 
or by external forces, the usual occurrence is the escape of air into the 
pleural cavity. If, in the course of this rupture, a blood-vessel is torn 
in the wall of the bleb or in the attached pleural adhesion, the escape 
of air is accompanied by a haemorrhage, the amount of which is deter- 
mined by the size of the involved vessel and also by the various intra- 
thoracic reactions resulting from the outpouring of air and blood into the 
pleural cavity. The case reported by Palmer and Taft (11) is one which 
very clearly demonstrates the part which chance plays in causing either 
a pneumothorax or an haemopneumothorax. 

The following is a detailed report of our case together with summaries 
of the cases reported in literature: 


4 
4 
td 
4 
a 
3 
i 


176 OSWALD R. JONES AND CHARLES LOUIS GILBERT 


J. P.: 23 years old, single, American law student, admitted to St. Luke’s 
Hospital, June 6, 1934, with provisional diagnosis of acute appendicitis. Had 
been in good health until seven hours prior to admission, at which time, while 
seated comfortably in a subway train, he noticed a sharp knife-like pain in 
his anterior lower right chest and lower right abdomen. This pain was less- 
ened shortly after onset by the use of some rhubarb and soda. Six hours 
before admission, while riding in a taxicab, he noticed a sharp pain in the right 
lower chest with each jolt of the car. Deep inspiration also, at this time, 
seemed to make the pain worse. Five hours before hospitalization, he at- 
tended his graduation exercises, during which time he felt uncomfortable, 
but had no real pain except on movement of the body. On admission, the 
pain in the chest and abdomen was still present. There was never any 
haemoptysis, dyspnoea, nausea or vomiting. Patient gave no history of 
trauma. P. H.: Measles at four, followed by rheumatic fever, during which 
time he remained in bed for three months, with swollen, reddened and tender 
ankle and phalangeal joints. Influenza and pneumonia at seven years. At 
19, was told he had pericarditis, and since then had restricted his activity. 
At 20 years, associated vaguely with dietary indiscretion, the patient had an 
attack similar to this present illness but it subsided to a dull pain in the right 
lower abdomen after three days’ duration. Other attacks, similar in char- 
acter but much less intense, occurred three months and two weeks before his 
present illness. F.H.: No history of purpura, haemophilia or tuberculosis. 

P. E.: Admitted June 5, 1934, 10:30 p.m. Patient a well-developed and 
nourished white male of asthenic type, lying on right side with legs and hips 
flexed. Respirations shallow and slightly rapid, but no cyanosis, pallor or 
evidence of shock and his condition did not appear acute. Pulse of good 
quality and normal in rate. Temperature 100°. The positive physical find- 
ings were: Neck: Anterior cervical lymph nodes palpable bilaterally. Thorax: 
Symmetrical, but expansion on right side greatly diminished. Lungs: Right: 
Hyperresonance from 4th to 6th rib, anteriorly and laterally. Percussion 
elsewhere normal. Diminished breath-sounds and whispered voice over the 
entire right chest, except from 5th to 6th rib, anteriorly, where breath-sounds 
were bronchial and whispered voice and tactile fremitus increased. Left 
lung: Negative. Heart: Normal to percussion. No murmurs, thrills or 
arrhythmias. Heart-sounds of good quality. Abdomen: Deep tenderness 
over small area lateral to umbilicus, and spasticity of entire right side. Liver 
edge felt 4 cm. below costal margin. Leucocyte count at this time, 16,900; 
polymorphonuclears, 80 per cent. 

While the possiblity of an acute surgical abdomen had to be considered, it 
was thought that the pathological trouble was situated in the right chest, 
the abdominal signs and symptoms being of a reflex character. 

A roentgenogram, taken six hours after admission and with the patient in 
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a prone position, revealed a flat homogeneous density over the whole right 
side with the heart and mediastinum displaced to the left. 

On the following morning, the patient appeared more acutely ill. His 
temperature was 100.2°, pulse 160, respirations 30, and blood-pressure 50/0. 
There was a definite pallor to the skin and the pulse felt more thready. The 
chest-signs were characteristic of a pneumothorax with fluid present. With 
the patient lying alternately on his back and side, shifting flatness was present. 
Tactile fremitus, breath-sounds and whispered voice were absent over the 
entire right chest posteriorly. Hyperresonance, absent tactile fremitus, 
distant amphoric breath-sounds, a succussion splash, and a positive coin test 
were present anteriorly. The left border dulness of the heart was displaced 
3 cm. lateral to the midclavicular line. 

The blood-count at this time was 74 per cent haemoglobin (Dare), 3,500,- 
000 r.b.c., and 23,700 white cells, with 84 per cent polymorphonuclears: 
smear of normal morphology: stool negative for blood. 

A diagnostic thoracentesis was done, with the removal of 20 cc. of unclotted 
whole blood which yielded no growth on culture, and no acid-fast organisms 
were found after autopsy of an inoculated guinea pig. A count on the chest 
fluid showed 3,600,000 red cells and 6,900 leucocytes with 60 per cent poly- 
morphonuclears and 40 per cent lymphocytes. 

A 3,000-cc. infusion of saline with 5 per cent glucose solution was given, 
followed later by a 500-cc. blood transfusion. On the third day of hospitali- 
zation, the patient’s condition seemed improved, although he still complained 
of some epigastric pain. His temperature rose to 103°, and his blood-pressure 
was 110/70. The blood count was 50 per cent haemoglobin, 2,550,000 red 
cells, and 23,200 leucocytes with 84 per cent polymorphonuclears. The urine 
showed an occasional leucocyte, but was otherwise negative. The blood- 
Wassermann, chemistry, and culture were normal. The bleeding time was 
15 minutes, coagulation time 5 minutes, and platelets 285,000. The electro- 
cardiogram showed a right preponderance. A roentgenogram, with the pa- 
tient on his left side, showed a distinct pneumothorax on the right side, with 
a large accumulation of ‘fluid present. 

On the fifth day, the patient’s condition being good, 500 cc. of dark, whole, 
unclotted blood was removed from the right pleural cavity and replaced with 
500 cc. of injected air. (The blood was filtered through several layers of 
gauze and reinfused, after which the patient’s temperature went to 105°, and 
he had a chill.) Another specimen of the blood was slowly centrifugated, 
when the plasma showed a very faint reddish tint evidencing a slight amount 
of haemolysis. Wet and dry smears of this same blood, however, showed 
normal morphology of all cells. A blood count of the chest-fluid showed 
haemoglobin 50 per cent and 2,750,000 red cells. The average blood counts 
of the circulatory blood at that time were haemoglobin 57 per cent and 2,900,- 
000 red cells. 
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During the sixth and seventh days, the patient’s condition remained about 
the same. He ran a temperature of 102°F. and complained only of diffuse 
abdominal pain. A concentrated sputum for tuberculosis was negative. 

On the eighth day of hospitalization, 500 cc. of unclotted blood was re- 
moved from the chest and replaced by 500 cc. of air, following which the 
pressure readings within the chest-cavity while the patient was in a semirecum- 
bent position was plus 2 (true reading). The specimen removed was negative 
for acid-fast organisms after being injected into a guinea pig. 

On the tenth day, the patient’s temperature was 99°, and his condition 
better than at any previous time: 500 cc. of unclotted blood was removed 
and replaced by 500 cc. of air. A specimen of this blood after centrifugation 
showed a great increase in the red discoloration of the plasma. Smears of the 
blood showed fragmentation and degeneration of both red and white cells. 
A blood count of the chest-fluid was haemoglobin 63 per cent and 60 per cent 
lymphocytes. 

On the eleventh day the patient’s condition took a definite turn for the 
worse. The temperature went to 105°; the pulse was recorded at 140, the 
respirations at 26 and the blood-pressure 85/60. The patient was sweating 
profusely and complaining of severe pain in the right chest. Cyanosis was 
moderate. A blood-culture taken at this time was negative. The patient 
was given a 600-cc. blood transfusion and a 1,000-cc. saline infusion, and 
was placed in an oxygen tent. 

On the twelfth day, his temperature was 102°, pulse 140, respirations 26, 
and blood-pressure 95/60. The blood count was haemoglobin 72 per cent, 
4,025,000 red cells, 28,700 leucocytes with 88 per cent polymorphonuclears 
and 12 per cent lymphocytes. A roentgenogram of the chest showed no 
change. Another 500-cc. blood transfusion was given. 

On the fifteenth day, 500 cc. of unclotted blood was removed and replaced 
by 500 cc. of air. A culture of the chest-fluid showed no growth. A roentgen- 
ogram disclosed a marked displacement of the mediastinum to the good side. 

On the sixteenth day, the patient’s temperature was 101.6°, pulse 136, 
respirations 24 and blood-pressure 105/50. Respiration was rapid and pro- 
nounced cyanosis was present. From the right chest 1,000 cc. of air was 
removed. The pressure readings in the pleural cavity before and after were 
plus 12 and minus 10, respectively. 

From the 17th to the 21st days, the temperature stayed around 101°, the 
pulse around 125, and blood-pressure 105/70. During this time 900 cc. of 
air and 380 cc. of unclotted blood was removed, after which the displace- 
ment of the heart and mediastinum to the left was less marked by X-ray and 
the intrapleural pressures were negative,—minus 6, minus 10. 

From the 21st day of illness to the patient’s death, the temperature re- 
mained at 100° or below. The red count and haemoglobin were normal and 
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the white count rose to 36,000-43,000, with 84 per cent polymorphonuclears. 
On the 38th day, the patient’s temperature was 99°, pulse 112 and respirations 
32, and he complained only of slight abdominal pain. Abruptly respiration 
became rapid and shallow, and the pulse weak. Death followed shortly 
afterward. 


Autopsy: Performed a few hours after death, this showed 4,000 cc. of old 
and almost pure fluid blood present in the right pleural space. There were 
no clots, but in the blood was 750 cc. of free fibrin. The parietal pleura of the 
entire right half of the thorax was covered with a shaggy reddish-brown layer 
of fibrin and tissue of inflammatory origin, about 5 to 7 mm. thick, from which 
irregular projections floated out into the bloody fluid. Considerable air was 
also present in the pleural space and, combined with the effusion, these had 
dissected a space between the chest-wall and the anterior mediastinum, ex- 
tending just beyond the left border of the sternum. The mediastinum was 
displaced to the left. The anterior surface of the pericardial sac was infiltrated 
with myriads of small air-bubbles. A small amount of grayish-white pus was 
expressed from the intercostal muscles in the 6th and 7th interspaces, but a 
smear of this was negative for acid-fast bacilli. The anterior surface of the 
right lung, which was almost totally atelectatic, was covered with fibrin of the 
same character as that which covered the parietal pleura. At the apex near 
the surface there was a cavity, 1 cm. in diameter, with a jagged-appearing 
wall, but containing no caseous material. Frozen sections of this cavity did 
not indicate that it was of a tuberculous nature, but was probably due to an 
emphysematous bleb. The entire lung was airless, firm and congested. No 
tubercles or other evidence of active pulmonary infection or neoplastic infil- 
tration were present on gross examination. The left lung showed an irregular 
linear scar, 1.5 cm. in length, at the surface of the tip of the apex. The lung 
substance was intensely congested and partially atelectatic. There was no 
evidence of active tuberculous infection or new growth present. The medias- 
tinal nodes were normal in appearance. There was moderate scarring of the 
left auricular endocardium. The leaflets of the mitral valve were slightly 
scarred but competent. The liver extended 10 cm. below the costal margin 
and weighed 2,050 gm. The surface was smooth and the organ firm and 
dark red, with a nutmeg appearance on section. Blood oozed freely from the 
cut-surfaces. The spleen and kidneys were congested and deep red on section. 
The mucosa of the bladder was haemorrhagic and markedly congested, with 
dilated varicose veins in the mucosa and submucosa. There were present a 
few scattered diffuse superficial ulcerations 1 to 2 mm. in diameter. The 
mucosa of the stomach was reddened, congested and haemorrhagic. The 
intestines were congested throughout with considerable fresh blood in the 
lumen and with free clots in the upper jejunum for a distance of 70cm. The 
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ummary pf Cas 
an 
= aD PRECEDING LUNG CONTRIBUTING OUTStANDING | 
< < 
< Zz 
Rolleston (16) 21 |M| Eng. _ neg. | none — idiopathic abdominal and 
vongting and 
= 
Pitt (8) 18 |M| Eng. — neg. | none walking ruptured adhesion | pain in abdo 
to bulla and “shoulder: 
and Shock 
Ness and Allen 31 |M] Eng. Mail-clerk neg. | none arising from bed | idiopathic pain ig chest 
(13) men} shock 
Doria (23) 26 |M} Italian | Office-worker| neg. | none walking idiopathic painigchest an 
dysgnoea 
= & 
Hurxthal (24) 29 |M| Amer. — neg. | frequent colds attempting to idiopathic pain ip chest 
move auto seat meng shock 
Terry (25) 34 | M}| Amer. — neg. | dry pleurisy 5 years pre- | walking idiopathic pain ig chest 
viously 
Milhorst (26) 21 |M/! Cuban | Office-worker| neg.| frequent colds riding in subway | idiopathic pain fn chest, 
and abdomen 
Horsden and Pig- | 44 |M| Eng. Plumber neg. | winter cough and chest | coughing attack | ruptured adhesion | pain ih chest | 
got (9) disease for 5 years to bulla mem shock 
Bushby (27) 17 |M| Eng. Clerk neg. | none: “alwaysdelicate” | running idiopathic | shock 
Williamson (3) not | M| Ger. Broker neg. | none bending over idiopathic | pain in chest, 
given Amer. shodk 
Bouchert andj| 21 | French neg. | none idiopathic painid shoulder, 
Beaupere (28) 
= = 
Kjaergaard (1) (6)} 20 |MJ| Danish | Student neg. | none no exercise idiopathic pain in chest a 
Nausea, s] 
= 
Kjaergaard (2) (6)} 25 |M! Danish | Clerk neg. | none no exercise idiopathic pain in chest, 
cyakosis 
= = 
Palmer and Taft | 26 |Mj| Amer. | Clerk neg. | none no exercise idiopathic pain it chest 
(1) (11) | 
Palmer and Taft 25 |M| Amer. | Worked in neg. | none in act of vomiting | idiopathic pain In chest ar 
(2) (11) gas-filling dyspnoea 
station j 
| 
Boland (29) 34 M{Amer. /|Grocery man | neg./} none no exercise idiopathic | pain in chest ar 
me, shock 
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wy pf Cases 
SIDE 
MIStANDING SIGNS AND | LATENT ’ PERIOD OF or 
X-RAY FINDINGS LABORATORY FINDINGS TREATMENT OUTCOME | 
RAX 
— | 
donjnal and chest pain,) 25 hours | 0 0 7 days diagnostic tap died right 
vongting and shock 
in jn abdomen, chest] 16 hours | 0 0 24 hours | diagnostic tap died right 
and shoulder; vomiting 
and shock 
in ig chest and abdo-| 7 days | 0 sputum negative for tu- | 52 days diagnostic tap a.&w. | left 
men} shock bercle bacilli 
inigchest and shoulder, 18 hours | no tuberculosis, blood in chest; count of 3 months} 930 cc. blood removed; | a. & w. | right 
dysgnoea fluid, air circulating blood air instilled 
in ih chest and abdo-| several no tuberculosis, anaemia; 20,000 WBC 10 days 3,400 cc, blood removed; | a. & w. right 
meng shock hours fluid, air air replaced 
in ig chest 90 hours | no tuberculosis, anaemia; 14,400 WBC; | 16 days 950 cc. blood removed; | a. & w. | left 
fluid, air urine negative transfused 
in fn chest, shoulder} 24 hours | no tuberculosis, 19,400 WBC; sputum, | 14 weeks | 2,400cc. bloodremoved; | a. & w. | left 
andpbdomen fluid, air coagulation and bleed- transfused 
ing times negative 
inh chest and abdo-| 60 hours | 0 0 24 hours | 0 died left 
mem shock 
ock 0 0 0 3 months} 500 cc. blood removed | a. & w. | left 
in in chest, nausea,| 0 no tuberculosis 18,200 WBC; chest fluid | 72 days 10,000 cc. blood removed | a. & w. | left 
shodk negative in guinea pig 
inid shoulder, dyspnoea] 0 — sputum and chest fluid | 48 days removal of (?) amount of | a. & w. | right 
negative for tubercle blood 
bacilli 
inh chest and abdo-| 12 hours | no tuberculosis, anaemia; 6,700 WBC } 2 months; 400 cc. blood removed; | a. & w. | left 
mel nausea, shock fluid, air, emphy- air instilled 
sema 
inn chest, dyspnoea,| 24 hours | no tuberculosis, sedimentation rate 1. 4 months} removal of muchairand | a. & w. | left 
cyasosis fluid, air little blood 
in ig chest 12 hours | no tuberculosis, — 5 weeks | removal of “large” a.&w. | left 
fluid, air amount of blood 
in In chest and back,| 0 | no tuberculosis, _ — removal of blood (? | a. &w. | right 
dyspnoea fluid, air amount) 
in in chest and abdo-| few hours — _ 11 weeks | removal of 2170 cc. of | a. & w. | right 
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TABLE 1 
| 
| 
| 
5 PRECEDING LUNG CONTRIBUTING TO 
CASE OCCUPATION | INFECTION AETIOLOGY 
z OUTSTAD 
FE 
| 
Fischer (5) 22 | M/ German] Movie opera-| neg. | none no exercise ruptured solitary — 
tor air-vesicle pain in 
men, 
Leggett, ef al.(1) | not | M| Amer. — | none idiopathic 
(18) given | pain int 
Leggett, ef al. (2) | not | M| Amer. o — | none _— idiopathic | 
(18) given —— 
Allen (1) (15) 20 M! Eng. Steel-worker | — | dry pleurisy no exercise tuberculosis ? 
pain in 
shock 
Allen (2) (15) 38 | M| Eng. Corporation | — | none no exercise tuberculosis ? 
employer pain in c’ 
Krause and Heise | 21 M/| Amer. | Journalist neg. | tuberculosis rising up in bed tuberculosis 
(7) acutely il 
shock 
Morlock (14) 9 | Amer. trauma 
collapse, 
domi 
Jonesand Gilbert | 23 | M| Amer. | Student neg. | pneumonia and pleurisy | riding in subway —_ = 
17 years prior pain in 
abdom 
inferior vena cava was markedly dilated, as were also the left renal and portal 
veins. Macroscopic and microscopic examinations of the lungs showed no 
evidence of an active tuberculous infection and no site of rupture or bleeding 
could be found on the affected lung. 


Both clinically and pathologically this case falls into the group of 
“spontaneous haemopneumothorax in the apparently healthy.” Of 
particular interest are the postmortem findings, which suggest circulatory 
death from venous obstruction due to the haemorrhage and haemorrhagic 
débris remaining in the chest-cavity. 


SUMMARY 


1. Rupture of an emphysematous vesicle is the most common cause ; 
of idiopathic spontaneous haemopneumothorax. This condition differs 
from idiopathic spontaneous pneumothorax by the presence of haemor- 
rhage which occurs at the site of rupture in the former condition. 
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—CONCLUDED 
SIDE 
OUTSTANDING SIGNS AND | LATENT eee PERIOD OF OF 
X-RAY FINDINGS LABORATORY FINDINGS | TREATMENT OUTCOME | 
RAX 
pain in chest and abdo-| 7 days nee _ 7 days laparotomy, diagnostic | died right 
men, vomiting, shock | | tap 
pain in right side of chest — | no tuberculosis chest fluid negative on — _ a. & W. — 
smear for tubercle 
} bacilli 
— | — _ chest fluid negative in oo continued artificial a. & W. we 
| guinea pig pneumothorax 
pain in chest and back, | 24 hours | slight tuberculosis 18 days diagnostic tap a.&w. | left 
shock | | 
pain in chest, shock 5 hours | positive, slight — 1 month | diagnostic tap a. & w. | right 
| | tuberculosis 
acutely ill, pain in chest, 0 | advanced tuber- _ 14 hours | 400cc. air removed died left 
shock | culosis 
| 
collapse, generalized ab-} laparotomy; 900 cc. air | a. & w. 
dominal tenderness | and blood removed 
pain in shoulder and} 7 hours} no tuberculosis, | 35,000 fluid negative in | 36 days | 2,000cc.bloodremoved; | died right 
| abdomen, shock | fluid, air guinea pig air replaced 


2. Of a total of 24 cases of haemopneumothorax, only 4 cases seemed 
to have a possible relation to pulmonary tuberculosis. 

j 3. The differential diagnosis between this clinical picture and that of 
an acute surgical abdomen was so difficult that exploratory laporatories 
were performed in several instances. 

4. Treatment in cases of mild haemorrhage should be conservative, 
whereas those cases suffering from larger haemorrhages should have the 
blood removed from the pleural cavity and air replaced. In some of these 
latter cases surgical methods may be used following the removal of 
blood. 

5. Prognosis in most cases is good but it depends, to a large extent, 
on the amount of the pleural haemorrhage. 


Sf 
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HAEMORRHAGIC PLEURISY OF TUBERCULOUS ORIGIN 
AND HAEMOPNEUMOTHORAX! 


EPHRAIM KOROL? 


We shall limit ourselves to a consideration of haemorrhagic effusions 
in the pleural cavity appearing in cases of frank pulmonary tuberculosis 
and in cases presenting no manifest disease of the lung of any kind. The 
latter type of primary haemorrhagic effusion, as will be shown later, 
generally depends on an old tuberculous infection. 


INCIDENCE 


Haemorrhagic pleurisy, unassociated with trauma, new growth, or 
infarction of the lung, is of rare occurrence. In my 16 years’ experience 
with pulmonary diseases I have encountered but three cases of tuber- 
culous haemorrhagic effusion. The Research Department of the U. S. 
Veterans’ Administration circularized the 78 Medical Facilities of the 
Veterans’ Administration, in the spring of 1934, for the records of all 
known cases of haemorrhagic pleurisy of this nature. This search re- 
sulted in the finding of 3 more cases. After an extensive review of the 
medical literature we were able to find reports of 130 cases. We have 
seen references to some 10 other cases, the reports of which were not 
accessible to us. 

Considering the great frequency of large haemorrhages and of spon- 
taneous pneumothorax in tuberculosis, the rarity of haemorrhages in the 
pleural cavity is impressive. However, the lung perforation involves 
the periphery of the lung where the blood-vessels are small, and the 
tuberculous or emphysematous lung tissue, which is the seat of the 
perforation, is characteristically poor in blood supply. Moreover, the 
occurrence of the perforation into the pleural cavity causes an immediate 
collapse of the lung, which brings about a retraction of the injured blood- 
vessels as well as a slowing circulation through the lung. The efficacy of 
artificial pneumothorax in the treatment of haemoptysis depends on the 
same factors as the rarity of intrapleural haemorrhage in lung perforation, 

1 Published with the permission of the Medical Director of the Veterans’ Administration, 


who is not responsible for opinions expressed or conclusions drawn by the author. 
? Veterans’ Administration, Lincoln, Nebraska. 
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namely, the contraction of the lung and the diminished circulation in the 
nonfunctioning lung. 

In order for a large haemorrhage to materialize in lung perforation, 
the following conditions must be present: 


1: A progressive destructive lesion in the lung involving simultaneously the 
lung periphery and the large blood-vessels near the hilum. This condition is 
met with in certain cases of artificial pneumothorax. In some of these cases, 
although the lung is collapsed and there are few systemic symptoms, the lesions 
in the lungs progress slowly in all directions. Rarely an ulcerating lesion will 
extend to involve both the visceral pleura and a large blood-vessel. A large, 
even fatal haemorrhage may result. 

2: If a spontaneous pneumothorax should occur in a patient who had had an 
attack of pleurisy in the past which resulted in localized adhesions, the weight 
of the partly collapsed lung may exert traction on a string-like adhesion and 
bring about its severance. Elsewhere (1) I discussed the rdle of gravity in the 
pneumothorax cavity in greater detail. These string adhesions generally 
contain a bronchus and its blood-supply. Upon rupture of the adhesion the 
pneumothorax increases, air entering through the severed bronchus; the medial 
end of the bleeding vessel retracts with the lung; bleeding, however, may 
continue from the peripheral stump of the adhesion. 


There is a characteristic symptom-complex in these casés: (1) sudden 
onset of pain in the chest and dyspnoea, symptoms of spontaneous 
pneumothorax; (2) temporary improvement lasting from several hours 
to several days; and (3) recurrence of pain and dyspnoea and the appear- 
ance of signs of internal haemorrhage. At this time there is a rapid 
accumulation of blood in the chest. 

In case the adhesion is torn from the lower part of the chest-wall the 
secondary pain may be referred to the abdomen and there may be 
abdominal rigidity. Appendicitis was simulated in the cases of Grab- 
field (2) and of Melhorat (3) and gall-bladder disease in the cases de- 
scribed by Frey (4) and by Hurxthal (5). Fischer’s case (6) was sub- 
jected to laparotomy for erroneously diagnosed perforated ulcer. 


REVIEW AND DISCUSSION OF THE LITERATURE 


Broussais (7) was the first to interest himself in this type of pleurisy. He recognized that 
he was dealing with cases of haemorrhage rather than with chronic “phlegmasia” (inflam- 
mation). At autopsy there were no signs of pleural inflammation, but signs of old pleurisy 
which had run its course. The bloody fluid was thin, limpid and mobile. We do not know 
just what he means by “mobile” liquid, but it may be inferred that Broussais observed a 
vacant space in the chest, that is, a pneumothorax, in which the fluid could shift about. He 
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described two cases associated with tuberculosis. The onset of the pleurisy was sudden in 
each case, and there were hippocratic facies, cold skin, and feeble pulse, all signs of internal 
haemorrhage. In the first case the right lung was atrophied and collapsed, and glued against 
the mediastinum and under the clavicle. There was a great space between the viscus and 
the ribs; this vast space was nearly empty, containing but several drams of sanguinolent 
fluid. . We find here a good description of pneumothorax, although Broussais was apparently 
not familiar with this condition (first described by Itard in 1802, with cases cited later by 
Bayle (1810) and Laennec (1819)). 

In his second case Broussais described the affected lung as compressed but not indurated. 

Laennec found that haemorrhagic effusion into the pleural cavity is sudden and copious 
(8) and accompanied with but little inflammation (9). In other words, his cases also pre- 
sented intrapleural haemorrhages, rather than acute inflammatory conditions. He observed 
the associated pneumothorax, but explained it as due to gases given off by the decomposing 
blood (10). He observed the symptom-complex described above: severe pleurisy, false 
convalescence, recurrence of symptoms (11). He cites one case observed by Littré, and 
reports 3 cases of his own. 

Littré’s patient (12) died after an illness lasting five days. Postmortem, there were two 
pints of blood in the chest and an enormous quantity of air. Like Broussais’s first case, 
the man must have died of tension pneumothorax rather thau haemorrhage. 

In the first case described by Laennec (13) the postmortem examination showed old 
adhesions between the upper lobe and the second and third ribs. The pleural cavity con- 
tained two glassfuls of limpid blood. There was a large vacant space between the lung and 
the ribs. In the upper lobe there was a recently healed fistula terminating in a cul-de-sac 
the size of a pea. There was pulmonary and pleural tuberculosis. 

It is clear that this was a case of haemopneumothorax, with the site of perforation still 
recognizable. 

The second case (14) exhibited no breath-sounds over the lung although resonance was 
present below the clavicle (this combination of resonance and absent breath-sounds being 
diagnostic of pneumothorax). Postmortem, there was a large vacant space between the 
lung and the ribs, containing only two pints of bloody serum. 

Laennec did not mention pneumothorax in this case. Elsewhere (15) he emphasizes that 
pneumothorax is easily overlooked at autopsy. It is masked by the pneumothorax which 
naturally occurs in all cases upon opening the chest. In cases of haemorrhagic pleurisy the 
collapse is incomplete, due to the existence of adhesions. These adhesions also render physi- 
cal diagnosis difficult. 

In Laennec’s third case of haemorrhagic pleurisy (16) the pneumothorax was recognized 
both before and after death. 

Andral (17) described two cases. In a man 40 years of age, subject to a protracted 
cough, there was an attack of severe pain in the right breast. He improved gradually with 
rest treatment and left the hospital. There was a sudden return of pain, much dyspnoea 
appeared, and there was a rapid pulse with cold skin. At this time there were signs of a 
large pleural effusion. No breath-sounds were heard over the entire right lung, although 
dulness was found only posteriorly and laterally. 

Postmortem, there was an immense cavity on the right side holding a liquid of deep red 
color. The upper lobe was adherent to the ribs and contained several tubercles. The lower 
and middle lobes were airless and pressed against the vertebral column. We believe that 
the history and physical findings indicate that there was a pneumothorax in addition to the 
haemorrhage. 

In Andral’s second case there was also the typical history of an attack of pain in the chest, 
gradual improvement and recurrence of the pain. At this time there was orthopnoea, pale 
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face, rapid feeble pulse. The respiratory distress was impressive, and decubitus in the 
horizontal position was impossible under pain of threatened suffocation. 

Postmortem there was but a pint of bloody fluid in the pleural cavity. Andral was 
puzzled at the great dyspnoea and fatal outcome in the presence of such a small effusion. 
We believe that there was an unrecognized pneumothorax. 

Porral (18), in 1829, described a case of haemorrhagic pleurisy in a man 28 years of age. 
There had been pain in the left side of the chest for six months. Suddenly the pain was 
aggravated and there was increasing dyspnoea. The aspirated fluid was haemorrhagic. 
Postmortem there occurred an escape of gas from the left pleural cavity. Tubercles were 
seen on the pleurae. Porral thought that the gas was produced by the decomposing blood. 

Trousseau (19) made animal experiments in an attempt to learn the behavior of the blood 
in traumatic haemothorax. In the pleural cavity the blood coagulates more rapidly than 
in external haemorrhage. Due to agitation of the blood by the cardiac and respiratory 
movements, the clot contracts before the red cells have had time to precipitate. There 
results no buffy coat. Thus the serum which separates from the clot always contains many 
red blood cells. Briefly, the blood in the pleural cavity is promptly defibrinated. Clinically 
it is found that the aspirated blood does not coagulate. Postmortem examinations show 
that clotting had occurred and the fibrin had deposited on the pleural membranes. 

Nelaton’s experiments (20) confirmed Trousseau’s findings. It will be observed that in 
the haemorrhagic pleurisies that interest us the blood behaves exactly like in the cases of 
haemorrhages due to penetrating injuries of the lung. This helps to show that in our cases 
we are dealing with an escape of all the haematological elements from an injured vessel and 
not with mere diapedesis of red cells through an inflammed membrane. 

Margueritte (21) in 1862 reported 2 cases of haemorrhagic pleurisy in pulmonary tuber- 
culosis. The associated pneumothorax was recognized in each case. In one case the lung 
perforation was found postmortem. 

Moutard-Martin (22) in 1878 collected 18 cases of tuberculous and primary haemorrhagic 
pleurisy, including some of the cases detailed above. Martin did not recognize pneumothorax 
or lung perforation as a factor. He explains the intrapleural haemorrhage as follows: In 
all cases of serofibrinous pleurisy, after the effusion has absorbed and the visceral and parietal 
pleura are approximated again, there is formed much granulation tissue on the pleural 
membranes, analogous to the granulations seen on healing surface wounds. The granu- 
lations, referred to as neo-membranes, have newly formed vessels with thin friable walls. 
Some of these vessels rupture and cause the haemorrhage. 

This hypothesis, which is apparently based on some statements occurring in Laennec’s 
writings is not corroborated by clinical observations. The haemorrhagic effusion appears 
as such with a sudden onset. It is exceptional indeed to find a case of haemorrhagic effusion 
to follow in the wake of an ordinary serofibrinous pleurisy. We know of only one such report: 
Hyndman (23) described a case of pleural effusion in which two aspirations yielded clear 
fluid while the third and last aspiration produced bloody fluid. 

M. Martin’s ideas regarding the origin of intrapleural haemorrhages have been accepted 
(rather uncritically, it would seem) by all writers on the subject. Some of them are be- 
wildered by the fact that postmortem there is no thickened pleura and no signs of extensive 
recent pleurisy. Blumenthal (24), though accepting M. Martin’s interpretation, admits 
that the so-called neo-membranes may be nothing but partly organized blood clots: that is, 
the haemorrhage occurs first and the false membrane follows. 

Dieulafoy (25) in 1885 reported 6 cases of haemorrhagic pleurisy in tuberculosis. The 
physical signs as given by the author indicate that pneumothorax existed at the time of 

the examination in at least 2 of his cases. 

Evrain (26) made clinical observations and performed animal experiments in an effort 
to learn the causes of suppuration in certain cases of haemorrhagic pleurisy. He found that 
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suppuration results only in case a large bronchus is torn. If the injury involves a terminal 
bronchiole the pathogenic bacteria carried in the tidal air are filtered by the lung tissue and 
do not reach the pleura. In large bronchial fistulae the pleural contents are soon infected. 
Evrain’s conclusions are well borne out by subsequent observers. At the present time the 
suppuration of a tuberculous pleural effusion is considered prima facie evidence of a bronchial 
fistula. 

Sears (27) collected 15 cases of this type of pleurisy from the records of the Boston City 
Hospital. He presents no case histories or physical signs; accordingly, no opinion can be 
expressed as to the coexistence of pneumothorax in his cases. It is to be noted that secondary 
infection occurred in five of his cases. 

Sacquepere (28) made interesting observations on the fate of the blood allowed to remain 
in the pleural cavity after traumatic haemothorax. The fluid remains liquid and does not 
clot upon removal. Fluid in the upper layers of the haematoma contains fewer red cells 
than at the bottom, this being the effect of gravity. In effusions of some standing the red 
cells disappear first, while the leucocytes persist, the immobile lymphocytes persisting longest. 
The red cells are engulfed and destroyed by the leucocytes and endothelial cells which act as 
phagocytes. The numerous eosinophiles represent neutrophiles which have engulfed hae- 
moglobin from the red cells. This explanation of the local eosinophilia is also given by 
Mynard (29). 

In haemorrhagic effusions of long standing the red cells can no longer be recognized micro- 
scopically. The fluid assumes a dark brown appearance and contains cholesterin crystals. 
The cholesterin is derived from disintegrated leucocytes (30). 

During the latter part of the 19th century with the popularization of auscultation and 
with the increasing use of exploratory puncture, many cases of haemorrhagic effusion were 
diagnosed antemortem. It was learned that this condition is not necessarily associated with 
carcinoma or progressive tuberculosis. Occasionally, air under pressure escaped during 
paracentesis and the associated pneumothorax was recognized. No aetiological connection 
was suspected, however. Most of the case-reports which contain detailed clinical or post- 
mortem data show unmistakable signs of the coexistent pneumothorax or lung perforation. 

Thus hyperresonance coupled with absent breath-sounds is described by Broadbent (31), 
Evelyn (32), Crandall (33), Grabfield (2), Kiemann (34), and others. 

Lerebulet (35) studied 3 cases and found that the fluid shifted around in the chest during 
changes of posture. This was also true of Hyndman’s case of haemorrhagic pleurisy (23). 

Secondary infection with suppuration occurred in the cases reported by Churnton (36), 
Lancelin and Bideau (37), Coyon, et al. (38), Montague (39), Mangeon (40), etc. 

The postmortem finding of complete collapse of the lung in the presence of a rather small 
quantity of haemorrhagic fluid was made by Graves (41), Apert (42), and others. 

Since the advent of the roentgenographic examination of the chest, pneumothorax has 
been recognized in practically all the reported cases of haemorrhagic pleurisy. The pneu- 
mothorax is conspicuous on the X-ray film, in the form of a very transparent air-bubble 
resting on a very opaque collection of fluid. Occasionally, however, the noncollapsed lobe 
may be adherent to the chest in such a manner as to interfere with the visualization of the 
air-bubble. Thus it has happened that the pneumothorax was not recognized even after 
X-ray examination (43). We have discussed this feature of X-ray diagnosis elsewhere (44). 

The postmortem demonstration of the lung perforation has not succeeded in all the 
sectioned cases, even when diagnosed antemortem. One may as well try to find the puncture 
in a deflated automobile inner tube. Reinflation of the collapsed lung is difficult due to the 
bronchi being plugged by secretions. Needless to say that the bleeding vessel cannot be 
seen, due to postmortem clotting. Moreover the bleeding generally ceases during life, the 
majority of patients having died from tension pneumothorax, and not from haemorrhage, 
as is shown by the finding of small quantities of blood and excessive collapse of the lung. 
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Rolleston (45) and Pitt (46) inflated the lungs in an effort to demonstrate the fistula, 
but failed. Rolleston injected the pulmonary artery and failed to find a defect in any of its 
branches. It is likely that it was a bronchial or a thoracic vein in a torn adhesion which 
was the source of the haemorrhage. 

Tears and wounds in the lungs are known to heal rapidly. It is difficult to recognize the 
track of a bullet-wound through the lung after three or four days (47). However, several 
observers, in addition to Laennec and Margueritte, succeeded in identifying the lung per- 
foration in haemorrhagic pleurisy. Pitt found a ruptured emphysema bleb. Fischer (6) 
also found a tear in an apical bleb covered with clot; formalin injected into the trachea 
escaped through the lung defect. Dorendorf (48) also was able to identify the site of the 
perforation. Hausden and Piggot (49) found an adhesion torn from the left apex, while the 
stump of the adhesion was attached to an emphysema bleb. 

The widespread use of artificial pneumothorax in the treatment of tuberculosis has brought 
about an increased incidence of haemorrhagic pleurisy. In the past 15 years the majority 
of cases have been reported in connection with artificial pneumothorax. In all there are 
records of 30 such cases, including two reported in this paper. Heise and Krause (50) re- 
ported a case in 1920, while the other cases have been reported since 1925. This influx of 
cases in recent years is due in part to the increasing popularity of therapeutic pneumothorax, 
and partly to the fact that this complication is prone to happen several years after the be- 
ginning of treatment. In some cases (51) (52) (53) (54) the haemorrhage occurred after the 
artificial pneumothorax had been abandoned. The several writers agree that the haemor- 
rhagic pleurisy occurring soon after the institution of the artificial pneumothorax is due to 
a local progression of the tuberculous process with involvement of the visceral pleura. There 
is no unanimity of opinion as to the cause of the haemorrhage occurring late in the treatment 
or after treatment is discontinued. Some writers suggest that the haemorrhage constitutes 
an exudate-ex-vacuo, the intrapleural pressure being very low after the inflations are dis- 
continued. It seems more likely, however, that the cause of the haemorrhage is the same 
as in the cases of primary effusion, namely a torn adhesion. During the time that the lung 
is kept collapsed, pleural adhesions which are usually present, are gradually stretched by 
the elastic recoil of the lung having the slight force of some 10 cm. of water; the weight of 
the collapsed lung is supported by the rigid bronchi near the hilum. After the pneumothorax 
is allowed to absorb, the lung reéxpands rapidly. It becomes heavy with blood and lymph 
and there results an increased strain on the adherent bands. It is not to be wondered at that 
occasionally one of the adhesions ruptures. 


The presenting symptoms of this complication are sudden severe pain 
in the chest and increasing dyspnoea. The respiratory distress is out of 
proportion to the amount of fluid in the pleural cavity (51) (52) and de- 
pends on a valvular pneumothorax. Repeated aspirations are required 
to relieve the dyspnoea. The character of the effused blood is in no way 
different from that in a primary haemorrhagic pleurisy or that in the 
traumatic variety: there are the same lack of clotting in the aspirated 
blood, the long persistence of ‘fresh’ red cells, the eosinophilia, and 
cholesterine crystals. Suppuration is not uncommon (55) (56). Expec- 
toration of bloody fluid is rare; it occurred in but two cases (57) (58); 
the lung perforation is valvular in type: material can enter from the 
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lung but cannot escape from the pneumothorax cavity. Air-embolism 
occurred in two cases (58) (59). 


THE AETIOLOGY OF SO-CALLED PRIMARY HAEMORRHAGIC PLEURISY 


Most writers have assumed this condition to be of tuberculous origin. 
They consider it an inflammatory condition analogous aetiologically to 
serofibrinous pleurisy. In earlier times, when this condition was recog- 
nized only postmortem, quite uniformly an associated tuberculosis was 
shown to exist. In the majority of cases diagnosed clinically, signs of 
pulmonary tuberculosis are generally absent; upon recovery from the 
haemorrhage the subject fails to develop progressive tuberculosis after 
prolonged observation. Only two cases, both reported by Coyon (38), 
developed open tuberculosis following haemorrhagic pleurisy. In Allan’s 
two cases (60) and in two of our cases there was said to be X-ray signs of 
minimal tuberculosis in the uncollapsed lung; in the majority of cases, 
however, X-ray signs are wanting. The haemorrhagic fluid, when in- 
oculated into guinea pigs, gave rise to tuberculosis in the cases of Coyon 
(38), Hanot (61), Montague (39), and Mainini (62); more often this test 
was found negative. As most of the cases recover, postmortem observa- 
tions have been few. Pulmonary tuberculosis was found in the case of 
Lancelin and Bideau (37), and in the case of Churnton (36). Fischer (6) 
and Dorendorf (48) were able to identify old tuberculous scars as the 
cause of the ruptured emphysema blebs. Pitt (46) reports 3 postmortem 
observations. In one of them tubercles were found on the pleura. In 
two others, no tubercles, old or recent, could be found. In Yater and 
Rodis’s case (43) there was tuberculous peritonitis. Negative autopsy 
findings were reported by Kiaer (63) and Rolleston (45). 

The cases of haemopneumothorax are related aetiologically to the cases 
of spontaneous pneumothorax which occasionally occur in the absence 
of manifest tuberculosis. These cases have been shown to result from 
ruptured emphysema vesicles. These vesicles depend on scar-tissue 
involving a bronchiole in such a manner as to produce expiratory ob- 
struction. There results gradual overinflation of the affected lobule with 
ultimate perforation into the pleural cavity. Hayaschi (64) studied the 
lungs of 7 such cases of bullous emphysema (3 of which had spontaneous 
pneumothrax) and found that the scar-tissue implicating the emphysema 
blebs was of tuberculous origin in each case. Hayaschi’s observations 
were confirmed by Zinn and Siebert (65), by Fischer (6), by Dorendorf 
(48), and also by Sergent (66), and others. 
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Now, if spontaneous pneumothorax without intrapleural haemorrhage 
depends on an old tuberculous infection, this aetiology is even more 
likely in cases of haemopneumothorax in which an antecedent pleurisy is 
a determining factor. 


TREATMENT AND PROGNOSIS 


Thirty-four cases of haemorrhagic pleurisy have been reported in 
some detail since 1900. Of these, nine died. One died of empyema fol- 
lowing exploratory thoracotomy (67), one succumbed to progressive pul- 
monary tuberculosis (68), and one died of peritoneal tuberculosis (43). 
Thus only 6 cases, or 18 per cent, died soon after the occurrence of the 
haemopneumothorax. Rolleston’s case (45) died of an acute infection 
in the functioning lung. In Pitt’s (46) and Fischer’s (6) cases, the 
internal haemorrhage was the immediate cause of death. In the other 
three cases, the tension pneumothorax and associated circulatory em- 
barrassment were the lethal factors. 

Of the 30 cases of haemorrhage in artificial pneumothorax, seven died. 
Three of these died soon after the complication; two (50) (69) had symp- 
toms of tension pneumothorax; one (59) died of air-embolism; and the 
others died of progressive tuberculosis (70) (73) (57). 

In the primary haemopneumothorax, when the case first presents itself, 
the haemorrhage has generally ceased. The dyspnoea, due largely to 
valvular pneumothorax, is to be treated by periodical aspirations of 
sufficient quantities of air and fluid. The anaemia and shock call for 
treatment by the usual methods; transfusion of blood may be helpful. 
Several authors (70) (27) have advised against aspirating the blood from 
the pleural cavity, stating that this is equivalent to bleeding the patient. 
We agree with Henry (71) that this view is erroneous. The blood in 
the pleural cavity is outside of the circulation, it has coagulated and 
cannot serve any useful function. 

At the outset it is important to determine whether or not the haemor- 
rhage is progressing. If the aspirating needle is blocked by blood-clots, 
or if the aspirated blood should clot in the basin, this is evidence that 
the haemorrhage continues. A similar inference may be drawn from 
increasing anaemia and other signs of internal haemorrhage. The pres- 
ence of fresh blood cells in the pleural fluid does not mean that the 
bleeding continues. If successive punctures show an increasing cell 
count, it does not necessarily mean persistent haemorrhage. The cell 
count of the aspirate varies with the site of the puncture and the posture 
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of the patient. Samples obtained from the bottom of the pleural cavity 
contain more red cells than samples from the top layers. 

Should blood coagulants be used? Montague (39) employed gela- 
tinized serum intrapleurally and advised the use of adrenalin, of horse- 
serum and of calcium chloride. Cordier and Levet (70) found the use 
of coagulants of no value. Hyndman (23), as well as Cheesman and Ely 
(72) irrigated the pleural cavity with weak iodine solutions, and their 
patients recovered; but, as shown above, 80 per cent of these cases are 
expected to recover. 

It would seem that local treatment, other than aspiration, is contra- 
indicated unless upon critical examination it is determined that the 
bleeding continues and that there is danger of exsanguination. In such 
cases a thoracoscope should be introduced into the pleural cavity. After 
aspirating the pleural contents, an attempt should be made to locate and 
cauterize the bleeding vessel. In the cases of artificial pneumothorax, 
an open thoracotomy may be done for this purpose. 

In the usual case, which comes for treatment after the haemorrhage 
has subsided, the indication is for gradual and repeated evacuation of the 
pleural blood. If suppuration has occurred, tube-drainage is used. All 
the infected cases recovered after surgical drainage. 


In cases of the therapeutic pneumothorax with progression of the lesion 
in the collapsed lung, thoracoplastic collapse of the chest-wall must be 
considered. 


Report of Cases 


1: World War Veteran, 35 years old. On November 19, 1927, suddenly 
developed severe pain in right side of chest, and became short of breath. On 
November 30, consulted doctor following a weak spell. Right chest was dis- 
tended, expanded poorly, and was hyperresonant. A needle was inserted into 
the right chest: some air escaped and the man felt better. Some 15 cc. of 
thick bloody fluid also came out.- On December 1 a second aspiration of air 
was necessary. On December 5 aspiration produced coffee-ground fluid with 
foul odor. X-ray examination showed right lung completely collapsed. Leit 
lung showed certain changes interpreted as due to compensatory circulation; 
one examiner thought these changes caused by tuberculosis. Man treated in 
Tuberculosis section of the Edward Hines, Jr., Hospital, Maywood, Illinois. 
There was a septic type of fever and pleural contents soon suppurated. Tube- 
drainage used for 6 weeks. The pleural discharge, sterile at beginning, con- 
tained numerous pyogenic organisms, but no tubercle bacilli. Guinea-pig 
inoculations negative for tuberculosis on two tests. Seven specimens of sputum 
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obtained, and all negative. The man recovered with much contraction of the 
right side of the chest. Was last seen, August 18, 1934, when he appeared to 
be in good health and had no complaints referable to the lungs. 


Remarks 


The haemorrhage probably occurred eleven days after the lung perforation 
and was signallized by a weak spell. The severe secondary infection points to 
a large bronchial fistula. 


2: World War Veteran, age 38. On October 17, 1931, while walking about 
town he suddenly had stabbing pain in left chest and was short of breath, but 
able to walk home. Doctor called, who immobilized chest with a tight band- 
age. The next morning, while in bath-room, felt faint and barely made way 
back to bed. Doctor summoned found temperature subnormal and said there 
was fluid in chest. Patient was admitted to Veterans’ Hospital, Lincoln, 
Nebraska, November 11, 1931, with physical signs of hydropneumothorax and 
a fluid-wave flouroscopically. By X-ray, air-bubble demonstrated only on 
films made with patient lying on right side. These X-ray films are reproduced 
in the American Journal of Roentgenology (44). Aspirated fluid looked like 
venous blood, and did not coagulate: The red color equivalent to haemoglobin 
content of 40 per cent. On December 5, the haemoglobin content in the fluid 
was estimated as 15 per cent. On November 27, the fluid contained 74,000 
red cells and 3,500 white cells per cmm. Differential count: lymphocytes, 
68 per cent; polymorphonuclears, 25 per cent; eosinophiles, 7 per cent. No 
growth on culture. On December 28, fluid straw-colored and contained very 
rare red cells. Leucocytes: 45 per cent small mononuclears, 10 per cent large 
mononuclears, and 45 per cent polymorphonuclears. Guinea-pig inoculation 
negative for tubercle bacilli. Temperature varied from 95°F. in morning to 
99.4°F. in afternoon. Discharged from hospital on January 5, 1932, with the 
left lung practically reéxpanded. 

Readmitted on June 7, 1932, by reason of afternoon temperature and loss 
of weight. No physical signs of active tuberculosis (no rales). The X-ray 
film interpreted by clinician as showing, in right upper half, numerous poorly 
defined linear areas of infiltration not observed on previous films. The roent- 
genologist did not report any new changes in the right lung. Sputum negative. 
Tuberculosis diagnosed, and man given rest-cure. Left hospital, improved, 
August 4, 1932. 

On November 14, 1933, he complained of afternoon fever and night-sweats. 
Was fairly well nourished. Physical and X-ray examinations resulted in 
diagnosis of pleurisy, chronic, moderate, left lung. 

Last contacted, June 10, 1935. Is fairly well nourished but complains of 
tiring easily. 
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Remarks 


Spontaneous pneumothorax occurred on October 17; the haemorrhage hap- 
pened the next morning, and manifested itself by fainting and by rapid accumu- 
lation of fluid. The pneumothorax might have been overlooked, had we not 
made films with the man lying on the better side. 


3: World War Veteran, 40 years of age. In August, 1929, began to have 
pneumothorax treatments for progressive tuberculosis of right lung, which 
could not be collapsed completely because of basal adhesions. In August, 
1930, right phrenic nerve evulsed. General health was fair until Spring of 
1931. At that time, an attack of pleurisy with effusion on pneumothorax 
side and fever for 6 weeks. Tubercle bacilli reappeared in sputum. The 
pleural fluid absorbed gradually. Another attack of pleurisy in September, 
1931; fluid returned but disappeared again after several aspirations. 

Early in 1933 patient began to lose weight. Developed pains in right chest, 
cough and expectoration increased, and man had several small haemoptyses. 
The cough assumed a low and hollow quality, suggesting a large bronchial 
fistula. Sputum positive. Pleural effusion returned and persisted. Fluid 
and air accumulated rapidly, causing dyspnoea; frequent aspirations of air or 
fluid necessary to relieve pain and pressure. Fluid described as cloudy on 
February 18; as yellow with fibrin particles on March 10; reddish on March 22; 
turbid on April 3, 1933; tinged with blood on April 18. On May 2, fluid red 
and said to contain 10 per cent haemoglobin. Méediastinal hernia in left chest. 
Tender bulging in 3rd interspace, which, on manipulation, gurgled like scrotal 
hernia. Upon aspiration of air or fluid from pleural cavity this bulging disap- 
peared temporarily. Cough distressing and causing vomiting, and inguinal 
hernia developed on right side. 

Left lung remained clear, but certain changes occurred in adherent portion of 
right lung and in parietal pleura on this side. Annular shadows with trans- 
parent centres appeared in the lung parenchyma while there was a gradually 
increasing haziness over entire right chest, and the familiar line of thickened 
pleura appeared in the right axilla, this line increasing in thickness and dis- 
tance from the chest-wall. Also fresh circumscribed deposits on parietal 
pleura, which showed near the diaphragm at first, but later appeared also in 
the upper parts of the costal pleura. Metastatic tumor was suggested by these 
rounded localized deposits. 

During numerous aspirations it was learned that pleura was gaining in 
thickness and toughness, and that this thickness was greater in certain areas. 

The haemorrhagic fluid was sterile on culture and did not infect the guinea 
pig. On November 27 the fluid contained 800,000 red blood cells per cmm. 
and 600 white cells. On January 10, 1934, there were 840,000 red cells and 
1,200 white cells. The number of red cells decreased then, and white cells 
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increased to 3,200 cells and the differential count showed 45 per cent monony. 
clear and 55 per cent polynuclear cells. The blood showed a mild secondary 
anaemia. Pulse and temperature generally normal. Man gradually lost 5 
lbs., and was in poor state of nutrition. Prognosis unfavorable. In view of 
extensive disease in right lung, and soundness of left lung, a thoracoplastic 
operation seemed indicated, and patient transferred to the Veterans’ Facility, 
Hines, Illinois, for this operation. 

After examination at the latter hospital it was necessary to rule out car. 
cinoma of pleura. On June 21, 1934, a piece of thickened pleura was removed 
by open operation: this was described as spongy and vascular. Histological 
examination showed granulation tissue and necrotic débris; no evidence of new 
growth or tubercle-formation. The thoracoplastic operation was not per- 
formed, as in opinion of surgeon the pleural cavity was so vast that approxima- 
tion of the visceral and parietal pleura could not be achieved. The patient 
not a good operative risk. 

In August, 1934, the man began to improve. Cough decreased and lost 
peculiar hollow character; need for aspirations became less frequent; blood 
disappeared from sputum, and also tubercle bacilli. The red color vanished 
gradually from the pleural fluid. On August 7, there were 40,000 red cells and 
15,000 leucocytes percmm. On October 11 the count showed 22,000 and 2,300 
cells, respectively; on April 24, 1935, there were 3,200 red cells and 1,200 white 
cells per cmm. Regained lost weight, and inguinal hernia recently repaired. 
Chest roentgenograms show the right chest contracted but the right base has 
expanded in part and many of the cavity shadows have disappeared. 


Remarks 


The constitutional symptoms, the persistent effusion, the quality of the 
cough, the haemoptyses and the pleural haemorrhage, as well as the return of 
the bacillary sputum and the high intrapleural pressures, and the X-ray 
changes show that there was a progression of the tuberculous process in the 
collapsed lung. A blood-vessel was eroded, and simultaneously there was 
perforation through the visceral pleura. With the fibrosis of the tuberculous 
process the local and general condition improved. 


4: (Reported by courtesy of Mr. Henry Ralph Brown, Manager of Veterans’ 
Administration Facility, Aspinwall, Pennsylvania.) This World War veteran 
had some acute respiratory illness, diagnosed as pneumonia in 1924. Poor 
health since then, being undernourished and complaining of shortness of breath, 
sense of fatigue, and morning cough. Slightly elevated temperature and pulse- 
rate which gradually returned to normal under rest-treatment. Observed at 
different times since September 22, 1926. On that date diagnosis made of 
pulmonary tuberculosis, minimal in extent, Class B, and pleurisy with effusion, 
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jeft. The fluid was dark red, and sterile on culture and guinea-pig inoculation. 
There were no definite signs of tuberculosis in right lung. Sputum negative for 
tubercle bacilli. 

On September 4, 1928, diagnosis made of hydrothorax, left, with displace- 
ment of heart to right. X-ray film showed the left chest bulging as if under 
extreme pressure and it was obscured by a homogeneous shadow. 

On June 11, 1932, the man presented displacement of heart to right. There 
was less bulging of left chest and fluid reached to first rib, with no lung markings 
above fluid (hydropneumothorax). Sputum negative. Considered an inactive 
case of pulmonary tuberculosis. 

Films made in January, 1933, show left hydropneumothorax, with complete 
compression of left lung and displacement of heart to right. No abnormal 
changes in right Jung. During January and February of 1933, left pleural 
cavity aspirated repeatedly, and total of 3,900 cc. of fluid removed. Fluid 
was dark reddish-brown and contained numerous red blood cells. On May 
22, 1934, the aspirated fluid still had same haemorrhagic character, but was 
negative for tubercle bacilli on guinea-pig inoculation. Right lung appeared 
normal. Left lung was so completely compressed that it was impossible to 
determine how much and what pathological change was present. 


Remarks 


This man has been known to have a sterile haemorrhagic effusion for nearly 
eight years, and probably since 1924. The lung has failed to expand, in spite 
of repeated aspirations. This fact, coupled with the displacement of the heart 
to the opposite side, speaks for a persistent bronchial fistula. 


5: (Reported by the Courtesy of Dr. A. S. Broga, Veterans’ Administration 
Facility, Sunmount, N.Y.) The World War veteran first came under observa- 
tion in May, 1928, with tuberculosis of left lung. Artificial pneumothorax 
instituted in June, 1929. Intrapleural adhesions severed by Jacobaeus method 
in June, 1930; there were no signs of haemorrhage following this procedure. 
Tuberculous cavity closed, and sputum became negative and remained so for 
several months. There appeared a serous effusion which persisted and gradu- 
ally increased inamount. Pneumothorax refills became unnecessary, by reason 
of the sterile effusion, and were abandoned in December, 1931. ‘The man lost 
weight gradually. In November, 1932, was dyspnoeic and complained of 
pressure in left chest. Examination showed that the effusion was under great 
pressure and viscera displaced to right. Upon aspiration, fluid found to be 
haemorrhagic and contained tubercle bacilli. Previously repeated animal 
inoculations were negative. Frequent aspirations have been necessary to 
relieve dyspnoea. On April 3, 1935, the fluid was at level of clavicle and there 
was displacement of mediastinum. 
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Remarks 


In spite of the compressed cavity, the tuberculous activity continued in the 
left lung, as shown by the constitutional symptoms and the persistent effusion. 
The haemorrhage, the hypertension, and the tubercle bacilli indicate the simul- 
taneous erosion of a blood-vessel and perforation through the visceral pleura. 


6: (Reported by the courtesy of Dr. Alexander Josewich, Veterans’ Adminis- 
tration Facility, Minneapolis, Minnesota.) World War Veteran, 33 years old. 
Patient stated that he had been in perfect health up to November 14, 1930. 
That morning, while bending over table, he felt something snap suddenly in 
his left chest, causing a tearing sensation especially in region of shoulder, and 
became extremely short of breath. Saw doctor who strapped chest. Follow- 
ing this, drove car about five miles to his home. Pain increased, felt weak, 
and was very ill. At medical consultation held at his home, spontaneous 
pneumothorax diagnosed. Severe anaemia, with hemoglobin of 60 per cent 
and less than 3,000,000 red cells. Chest tapped and a considerable quantity 
of bloody fluid removed. Frequent aspirations necessary: 10 during month of 
January, 4 during February, 4 more in March. Patient much better then. 
Fluid repeatedly examined for tubercle bacilli with negative results. Blood 
rapidly disappeared from pleural cavity. Man returned to work, and has been 
employed uninterruptedly since. In May, 1934, the man felt quite well, but 
admitted shortness of breath on exertion. Lung had reéxpanded, but there 
was thickening of the pleura over considerable area. 


Remarks 


The lung perforation occurred in the morning of November 14. The 
haemorrhage took place a few hours later. 


SUMMARY AND CONCLUSIONS 


1. The hypothesis that tuberculous haemorrhagic pleurisy is caused by 
bleeding intrapleural granulations is no longer tenable. 

2. Haemorrhagic pleurisy is, strictly speaking, not an inflammatory 
condition, but a haemorrhage associated with a spontaneous pneumo- 
thorax. The pneumothrax occurs first and is caused by the rupture of 
an emphysematous vesicle. The haemorrhage happens if there are co- 
existent localized adhesions preventing the complete retraction of the 
lung; the weight of the noncollapsed lung may tug on the adhesion and 
tear it. The haemorrhage then takes place from the distal stump of the 
adhesion. 

3. In certain cases of artificial pneumothorax the haemorrhage may be 
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produced by the tuberculous process spreading in all directions in the 
treated lung; there may occur an erosion of a large blood-vessel and simul- 
taneous perforation into the pneumothorax cavity. 

4. In haemorrhagic pleurisy, as in traumatic haemopneumothorax, 
there is the escape of all the haematological elements from a severed 
blood-vessel into the pleural cavity. The blood coagulates immediately 
before all the cells have become enmeshed. The pleural fluid contains 
numerous red cells but no fibrinogen, and for that reason looks like blood 
but remains liquid on standing. 

5. In the cases of haemorrhagic pleurisy reported since the year of 
1900 the associated pneumothorax was generally recognized. Prior to 
the roentgen era the pneumothorax was often overlooked. The pleural 
adhesions and the partly functioning upper lobe produced bizarre physical 
findings, rendering diagnosis difficult or impossible. However, in the 
majority of case reports containing detailed clinical or postmortem data 
the coexisting pneumothorax is strongly indicated. 


ADDENDUM 


During the preparation of this paper I found reports of two more cases of 
haemorrhagic pleurisy. Sardo (74) described a case of bilateral pneumothorax 
of 4 years’ standing which suddenly developed pain in the chest and bloody 
fluid in the left pneumothorax cavity. The bleeding continued for several 
days, and during this time the aspirated fluid clotted in the needle. There 
was extreme dyspnoea and death seemed imminent. There was relief after the 
air was aspirated from the right pneumothorax. The patient recovered. In 
the left pneumothorax the pressure was high even 3 months later. It seems 
clear that there was an erosion through the visceral pleura which caused the 
haemorrhage as well as the tension pneumothorax. 

In Grunwald’s (75) case of artificial pneumothorax there was a sudden pain 
in the chest following a fit of laughter; dyspnoea appeared a few hours later. 
Haemorrhagic fluid was soon discovered. The fluid did not coagulate upon 
aspiration. Grunwald added some of this fluid to a quantity of normal blood 
and found that the clotting of the blood was delayed. 

We made this test with the pleural fluid of our case 3, but found that it did 
not prolong the coagulation time of normal blood. 
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THE RELATION OF INTRAPLEURAL PRESSURE AND 
PULMONARY COLLAPSE IN ARTIFICIAL 
PNEUMOTHORAX! 


EMIL BUNTA 


The introduction of air into the pleural space in artificial-pneumothorax 
therapy results in alteration of intrapleural tension; a certain extent of 
contraction, elastic recoil or “‘collapse’”’ of pulmonary tissues; and a 
variable degree of distention of the thoracic cage involving the dia- 
phragm, mediastinum and chest-wall. Sewall (1) maintains that mano- 
metric measurement of intrapleural tension is in reality measurement of 
the elastic recoil of the lung. Whether coexisting degrees of pulmonary 
collapse and intrapleural pressures are correlative and mutually pre- 
dictable is a problem for clinical research. 

Intrapleural pressure, in any individual case, is the resultant of vari- 
able factors. In a previous report (2), the author described the limits of 
normal and abnormal pleural tension; and concluded that, from the 
standpoint of intrapleural factors, the range of intrapleural-pressure 
variability after air inflation in pneumothorax patients was largely de- 
pendent on the presence or absence of pleural adhesions or fluid, medi- 
astinal mobility, or diaphragmatic paralysis due to phrenicoexairesis. 
That intrapleural pressure is also affected by disease within the lung, 
particularly, atelectasis, a condition usually accompanied by abnormally 
increased negative pleural pressure which may reach as high as 34 or 43 
cm. H,O, was shown by Habliston (3). According to Lawson’s (4) ob- 
servations, intrapleural pressure also varies with changes in position of 
the patient. 

Pulmonary collapse, on the other hand, is subject, in a general way, to 
the same variable forces which underlie intrapleural pressure. The 
nature of the interdependence of pulmonary collapse and intrapleural 
tension may be defined by statistical methods applicable to variables. 
The present thesis is concerned with the problem of determining whether 
coexisting degrees of pulmonary collapse and intrapleural pressures are 


1 From the Pneumothorax Clinic of the Municipal Tuberculosis Sanitarium in Chicago, 
Illinois. 
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correlative, and if the relationship is such as to provide a basis for 
prediction and control in pneumothorax practice. 


METHOD OF INVESTIGATION 


The inquiry was conducted in the Extramural Pneumothorax Clinic of 
the Municipal Tuberculosis Sanitarium in Chicago. This clinic was 
opened in February, 1932, for the purpose of carrying out the pneumo- 
thorax public-health program sponsored by Dr. Frederick Tice and Dr. 
Allan J. Hruby, members of the Board of Directors of the Municipal 
Tuberculosis Organization. 

With the present problem in mind, only those patients were selected 
for study who showed either normal or relatively normal intrapleural- 
pressure readings prior to their initial pneumothorax treatment, and 
who presented definite roentgenological evidence of pulmonary collapse 
following air injection. A group of 24 patients who revealed abnormally 
increased negative intrapleural pressures prior to initial air inflation, that 
is, pressures of —16 cm. HO or over, according to the limits of abnormal 
pleural hypotension outlined in a previous communication (2) by the 
author, were excluded from consideration. The eliminated group com- 
prised tuberculous individuals with atelectasis, or with parenchymal 
lesions sufficiently developed to produce abnormal pleural tension. 

A total of 4,025 manometric and roentgenological readings, respec- 
tively, immediately following air inflation in 735 ambulatory tuberculosis 
patients, formed the basis of this study. 

Individual roentgenograms were taken with the patient in the erect 
position and holding the breath after a moderately deep inspiration. 
Degrees of lung compression were interpreted roentgenologically in 
percentage terms of the total volume of the treated lung. In other 
words, the various degrees of lung collapse were inferred from the rela- 
tive shadow densities cast by the pneumothorax cavity and adjacent 
pulmonary tissues as visualized in a two-dimensional or flat X-ray plate. 
For example, a so-called 50 per cent collapse represented one in which the 
shadow density cast by the pneumothorax cavity took up approximately 
one-half of the hemithorax as depicted in the roentgenogram, and the 
shadow densities cast by the adjoining parenchymal tissues occupied the 
remainder of the hemithorax. It is obvious that this manner of esti- 
mating the degrees of lung compression is not beyond criticism. The 
method is, at best, relative in value and serviceable for present purposes 
in lieu of more exact mensuration methods. 


INTRAPLEURAL PRESSURE AND PULMONARY COLLAPSE 205 


Intrapleural-pressure measurements were made with a water manom- 
eter of the Robinson artificial-pneumothorax apparatus. All intra- 
pleural-pressure readings were recorded at the height of quiet inspiration. 
The manometric measurements were obtained by noting the water level 
attained in one limb of the manometer at the height of quiet inspiration, 
and then multiplying the reading by two, which represents the true value 
based on the height of the fluid levels in the two tubes of the manometer. 

In all cases, except the pleural fluid cases requiring aspiration in which 
thoracocentesis was performed with the subject in a sitting posture, the 
intrapleural tension was taken with the patient in a lateral recumbent 
position. A 19-gauge, 23-inch steel Vim needle was used for pneumo- 
thorax purposes. The site of paracentesis generally selected was one of 
the lateral intercostal spaces in the axillary region of the chest. 


STATISTICAL METHOD 


The quantitative data with reference to degrees of lung collapse and 
intrapleural pressures were computed in accordance with correlation 
statistical methods. 

All manometric and roentgenological findings were first collected in the 
form of a correlation table. This method facilitates the study of rela- 
tions between variables which show considerable scatter. The extent 
to which the marks or frequencies in the diagram cluster around a 
diagonal line indicates roughly the degree of relationship between the 
two variables. 

As an objective and impartial measure of the degree of relation, use was 
made of the correlation coefficient of Pearson. Intrapleural pressure 
measurements were chosen as the “‘x”’ variable, the class intervals of which 
were unity. Degrees of lung collapse were taken as the “y” variable, 
using class intervals of 5 degrees. 


The Pearson coefficient of correlation was calculated according to the 


2xy 
following formula: r —— in which 
N-ox-oy 
x = the deviation of the x-values from the mean of x 
y = the deviation of the y-values from the mean of y 
n = the number of cases in the diagram 
ox = the standard deviation of x 
oy = the standard deviation of y 
r = the Pearson coefficient of correlation 


The correlation coefficient is a pure number, a constant which indicates 
the degree of relation between two variables. The coefficient is not to be 
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construed as a percent. It variesfrom +1to —1. When the relation 
is perfect and positive, the correlation coefficient is +1. When the rela- 
tion is perfect but inverse, the correlation coefficient is —1. When there 
is no relation whatever between the two variables, the coefficient is zero. 
Other values of the coefficient indicate intermediate degrees of relation. 

Regression lines were plotted for degrees of lung collapse and intra- 
pleural pressures, respectively. The regression line of pulmonary col- 
lapse on intrapleural pressure (regression of y on x) was obtained after 
first determining the average degree of collapse in each vertical column 
of the correlation table, and plotting a line connecting the averages of 
the columns. The regression line of intrapleural pressure on pulmonary 
collapse (regression of x on y) was derived after computing the average 
intrapleural pressure in each horizonatal column of the correlation table, 
and plotting a curve of these averages. 


CLASSIFICATION OF PATIENTS 


The subjects of this investigation were classified into two major 
clinical groups, first, that comprising patients with an otherwise normal 
or uncomplicated pleural space during the period of pneumothorax ther- 
apy; and, second, that including patients with a pneumothorax cavity 


complicated by any one of the following abnormalities, namely, pleural 
adhesions or fluid, mediastinal deviation, or diaphragmatic paralysis. 
The patients with an uncomplicated pneumothorax cavity served as 
controls. 

The distribution of manometric and roentgenological observations 
according to clinical groups is shown in table 3. 

Individual ages of the 735 pneumothorax patients varied from 12 to 68 
years, the average for the group being 30 years. Male and female 
patients were approximately equally represented in the series. Patients 
of the white race predominated, with an incidence of 75.2 per cent; the 
balance including 24.1 per cent Negroes, and 0.7 per cent Mexicans. Of 
the total, 650, or 88.4 per cent of the tuberculosis patients, presented 
roentgenological evidence of cavitated pulmonary lesions associated with 
tubercle bacilli in the sputum at the time of their registration in the clinic. 
In 52.4 per cent of the cases, the primary, or chiefly affected lesion was 
right-sided; and in 47.6 per cent left-sided. 
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RESULTS 
Correlation Table 


The corresponding data (1,899 observations) for the relation between 
degrees of lung collapse and intrapleural pressures in 252 pneumothorax 
patients with normal or uncomplicated pleural cavity, arranged in the 
form of a correlation table in which the total frequencies are listed in 
numerical form, are shown in table 1. It will be observed that the average 
degree of lung collapse tends to increase from one to the next higher-class 
interval of intrapleural pressure, particularly in the middle brackets of 
the diagram. This is apparent by the diagonal arrangement of the 
frequencies. ‘The upper left quadrant and the lower right quadrant of 


TABLE 3 
Distribution of manometric and roentgenological observations according to clinical groups 


NUMBER OF RESPECTIVE 
MANOMETRIC AND 
ROENTGENOLOGICAL 
OBSERVATIONS 


CLINICAL GROUPS NUMBER OF PATIENTS 


Pneumothorax patients with normal pleural cav- 
ity (control group) 1,899 


Pneumothorax patients with abnormal pleural 
2,126 
1,196 
Pleural fluid 604 
Mediastinal displacement 159 
Diaphragmatic paralysis 167 


4,025 


the diagram are relatively less filled, whereas the diagonal area from the 
lower left corner to the upper right corner of the diagram is relatively well 
filled. 

The data (2,126 observations) of 483 pneumothorax patients with an 
abnormal pleural cavity is embodied in correlation table 2. In the 
abnormal pneumothorax cases, the average degrees of lung collapse also 
showed a tendency to increase with rising pleural pressure, though less. 
directly than in the control group. A less noticeable diagonal arrange- 
ment of the frequencies is evident in this correlation table. The upper 
left corner and the lower right corner of the diagram are more filled as 
compared with the similar areas in the diagram of control patients. 

From the point of view of the two correlation tables, it may be con- 
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cluded that a direct or positive, though imperfect, degree of relationship 
is apparent between degrees of lung collapse and intrapleural pressures 
in pneumothorax patients; and that the relationship is relatively more 
direct and less imperfect in those with an uncomplicated pneumothorax 
cavity than in those with an abnormal or complicated pneumothorax 
cavity. 


Correlation Coefficient 


A summary of correlation coefficients according to clinical groups is 
shown in table 4. The 735 pneumothorax patients as a group had a 
correlation coefficient of +0.37, indicating a positive and imperfect 
degree of relationship with reference to degrees of lung collapse and in- 
trapleural pressures. 


TABLE 4 
Correlation coefficients classified according to clinical groups 


CLINICAL GROUPS CORRELATION COEFFICIENT 


Pneumothorax patients with normal pleural cavity (control 
+0.51 


Pneumothorax patients with abnormal pleural cavity +0.24 
Pleural adhesions +0.14 
Pleural fluid +0.32 
Mediastinal displacement +0.30 
Diaphragmatic paralysis +0.08 


All pneumothorax patients +0.37 


The control group attained a correlation coefficient of +0.51, signifying 
a more direct and less imperfect “‘collapse-pressure”’ relationship as 
compared to the general run of pneumothorax patients. 

The abnormal pneumothorax group registered a coefficient of +0.24, 
indicating positive and very imperfect ‘‘collapse-pressure” correlation. 
Further analysis of this group revealed that the cases in which pleural 
fluid alone prevailed had a correlation coefficient of +0.32, whereas 
patients whose only pneumothorax complication was mediastinal dis- 
placement showed a coefficient of +0.30. Pleural-adhesion cases and 
those with diaphragmatic paralysis attained coefficients of +0.14 and 
+0.08, respectively, denoting little or practically no “‘collapse-pressure” 
correlation. 
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On the basis of correlation coefficients, it may be concluded that 
pneumothorax patients in general manifest imperfect positive correla- 
tion regarding degrees of collapse and intrapleural pressures. A more 
direct and less imperfect degree of correlation exists in those with an 
otherwise uninvolved pleural cavity, and practically little or no corre- 
lation in those with various abnormalities of the pleural cavity, particu- 
larly pleural adhesions and diaphragmatic paralysis. 
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Chart 1. Regression lines of lung collapse on intrapleural pressure. Solid line, pneu- 
mothorax patients with uncomplicated pleural cavity; broken line, pneumothorax patients 
with abnormal or complicated pleural cavity. 


Regression Lines 


The relationship between degrees of lung collapse and intrapleural 
pressures, depicted by means of regression lines plotted for both control 
and abnormal pneumothorax groups, is shown in charts 1 and 2. A per- 
fect ““pressure-collapse”’ relationship would have been represented by a 
straight diagonal line in either case. The regression lines of collapse 
on pressure for both groups show rises and dips, with a general upward 
trend which is relatively more direct or positive in control cases than in 
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abnormal pneumothorax cases. On the other hand, the regression lines 
of pressure on collapse likewise show a positive general upward trend 
which is relatively more direct in the control group. According to the 
resulting curves, a rise in degrees of collapse with increments of intra- 
pleural pressure, and a rise in intrapleural pressure with increments of 
degrees of collapse are more evident in patients with an uncomplicated 


o 
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Chart 2. Regression lines of intrapleural pressure on lung collapse. Solid line, pneu- 
mothorax patients with uncomplicated pleural cavity; broken line, pneumothorax patients 
with abnormal or complicated pleural cavity. 


pneumothorax than in those with an abnormal or complicated pneumo- 
thorax. In brief, the regression lines corroborate an absence of perfect 
“pressure-collapse” correlation in pneumothorax-treatéd individuals. 
Regression lines, furthermore, are instructive with regard to predicta- 
bility of degrees of collapse from known intrapleural pressures. On 
glancing at the regression line of collapse on pressure, it will be noted 
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that the average degree of lung collapse for a pleural pressure of —2 cm. 
H,O in pneumothorax cases with an uncomplicated pleural cavity is a 
45 per cent collapse. These values, however, are not interchangeable, 
that is, it cannot be stated that every case in which a 45 per cent collapse 
is attained is associated with a pleural pressure of —2 cm. HO. This is 
evident after referring to the regression line of pressure on collapse and 
observing that the average pressure in pneumothorax patients with an 
uncomplicated pleural cavity who show a 45 per cent collapse is —0.5 cm. 
H.O, instead of —2 cm. H,O. 

As a further example, in abnormal pneumothorax cases, the average 
collapse for a pleural pressure of +6 cm. H,0O is a 60 per cent collapse, 
according to the regression line of collapse on pressure. Turning to the 
regression line of pressure on collapse it will be seen that the average 
pleural pressure in association with a 60 per cent collapse is +2.7 cm. 
H,0, instead of +6 cm. H:O, as shown in the regression line of collapse 
on pressure. 

From the standpoint of regression lines, the conclusion follows that 
there is an absence of perfect “pressure-collapse”’ correlation in pneumo- 
thorax patients. Furthermore, the relationship between the two 
variables is such as to preclude the possibility of predicting degrees of 


collapse from known intrapleural pressures. 


SUMMARY 


1. A study of 735 artificial pneumothorax patients showed direct or 
positive and imperfect correlation between degrees of lung collapse and 
intrapleural pressures. 

2. The “‘pressure-collapse” correlation was relatively less perfect and 
dependable in patients with an abnormal or complicated pneumothorax 
than in those with an uncomplicated pneumothorax. 

3. A proportionate increase in degrees of lung collapse with incre- 
ments of intrapleural pressure was not observed in any of the pneumo- 
thorax cases. 

4. An absence of perfect correlation with reference to the two variables 
was confirmed statistically by means of the correlation table, correlation 
coefficient, and regression lines. 

5. The “pressure-collapse” relationship was not sufficiently uniform 
or close to provide a basis for prediction and control in pneumothorax 
practice. 
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THE COMPARATIVE VALUE OF ARTIFICIAL PNEUMO- 
THORAX AND INDUCED PHRENIC PARALYSIS IN THE 
TREATMENT OF CENTRALLY LOCATED, ISOLATED 
PULMONARY TUBERCULOUS CAVITIES! 


PAUL SLAVIN 


The advantages of artificial pneumothorax, as a therapeutic collapse 
method, consist in its tendency to selective collapse, controlled applica- 
tion in measured amounts, and capacity of being readily revoked. These 
features, serving to guard against excessive collapse, are subject to 
limitations, depending on various conditions arising in the course of 
treatment. Selectivity of collapse may be totally prevented or modified 
by adhesions, by location of lesion, and by a mobile mediastinum. Only 
nonadherent peripheral lesions recede from the chest-wall in advance of 
healthy portions of the treated lung. Centrally located lesions are not 
reached by the pneumothorax until the surrounding layer of air-bearing 
tissue has been collapsed. Obliteration by artificial pneumothorax of 
centrally located cavities, surrounded by healthy lung tissue, may neces- 
sitate collapse of an entire treated lung and may not be attainable in the 
presence of a movable mediastinum. Extensive collapse of functioning 
lung tissue is particularly objectionable in bilateral-collapse cases. 

The question arises of whether artificial pneumothorax should be the 
method of choice in the treatment of isolated central cavities. Though 
spontaneous closure of such cavities has been frequently reported in the 
literature, it would appear from the cases described in a previous article 
(1), and from the case discussed in this paper, that, regardless of pro- 
longed rest-cure, tuberculous -cavities surrounded by functioning lung 
tissue grow larger in the presence of a normally moving diaphragm. 
Following induced paralysis of the corresponding hemidiaphragm, those 
cavities obliterate with a minimal loss of function sustained by the treated 
lung. The postoperative obliterative changes taking place in the cavity 
consist partly in collapse produced by the elevated diaphragm and mainly 
in concentric retraction of the relaxed capsule of the cavity. It is 
possible that spontaneous obliteration of isolated cavities occurs only in 


1 From the New Jersey State Sanatorium, Glen Gardner, New Jersey. 
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cases in which diaphragmatic function has become impaired through 
inflammatory processes involving the phrenic nerve, or through fixation 
of the diaphragm by pathological mechanical factors. In some instances 
of spontaneous closure of such cavities, observed in our institution, the 
mobility of the corresponding hemidiaphragm proved to be limited. 

The following case illustrates the impracticability of artificial pneumo- 
thorax and the value of phrenic interruption in the treatment of a cen- 
trally located, solitary tuberculous cavity, enclosed within nondiseased 
lung tissue. 


No. 11,237: I. S., male, aged 22 years. Became aware of his illness following 
haemoptysis in November, 1928. Was confined to bed at home for one 
month, and continued rest-cure at County Sanatorium till February, 1930, 
when he was admitted to this institution. Toxic symptoms were mild, but 
expectoration profuse, averaging 10 oz. of bacillary sputum per day. X-ray 
(figure 1) showed cavity, 3.5 x 2.5 cm., situated in right midlung region, 
enclosed within functioning lung tissue, with no evidence of gross parenchymal 
involvement in rest of lung. Left lower lobe presented, in upper half, multiple 
moth-eaten cavities and three larger ones, forming a clover leaf figure and 
measuring 3 x 2 cm., 2 x 2.5 cm., and 1.5 x 1.5 cm. There was an area of 
fibrosis in left upper lobe, extending from hilum to periphery, in the direction 
of interlobar fissure. Diaphragm on each side was moving normally. One 
month after admission, patient began to raise blood-streaked sputum and 
temperature became elevated. Artificial pneumothorax was then induced on 
left side, the seat of major cavitation. It was expected that cavity in the 
right might close spontaneously. A generalized collapse of left lung was ob- 
tained with no tendencies for selectivity, due to presence of lesions in both 
upper and lower lobes. Adhesion from upper lobe to parietal pleura did not 
interfere with the collapse. Within 14} months of pneumothorax treatment 
(figure 2), cavities in left lung appeared to be closed by a generalized collapse, 
expectoration was reduced from 10 to 1 ounce per day, but still continued posi- 
tive for tubercle bacilli. Cavity in right lung, showing sputum-level and in- 
creased perifocal infiltration, grew larger, to4x5cm. As spontaneous closure 
of this cavity could no longer be expected, simultaneous artificial pneumo- 
thorax was induced on the right. Following the first treatments, entire right 
lung began to recede evenly from chest-wall, there being no increased localized 
collapse of area surrounding cavity. Within three months (figure 3) the right 
lung showed 40 per cent generalized collapse with cavity still widely open, 
and measuring 4x 4.5 cm. The cavity became invisible only after a 70 per 
cent even collapse of entire right lung had been obtained. Thus, due to the 
nature of the lesions, no selective collapse could be attained on either side, 
and a rather extensive simultaneous bilateral pneumothorax was established. 


. March 7, 1930 Fig. 2. June 8, 1931 
September 25 1931 Fig. 4. February 27, 1934 
5. June 25, 1934 Fig. 6. January 4, 1935 
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There was no respiratory embarrassment, patient’s general condition im- 
proved; but sputum continued to show tubercle bacilli intermittently, sug- 
gesting incomplete collapse of cavities. Because of long sanatorium residence 
(25 months at this institution) patient was discharged March 26, 1932. He 
was able to return for treatments once every two weeks, and pneumothorax 
refills were continued on both sides at the same sitting. With biweekly in- 
tervals, adequate collapse of right lung could not be maintained, and cavity 
within the latter reopened. It was decided then to substitute the right 
sided pneumothorax by a temporary phrenic interruption. The left lung was 
also allowed to reéxpand after four years of pneumothorax treatment. As 
shown in figure 4, the right lung was completely reéxpanded following pneumo 
thorax treatment for 30 months; there was apparently no parenchymal in 
volvement outside the cavity, the latter measuring then 4 x 5.5 cm. and show- 
ing sputum-level. Left lung showed no cavity shadows and was partly 
collapsed from its periphery by an evenly distributed pneumothorax space. 
Temporary interruption of right phrenic nerve was performed March 6, 1934, 
and, 3 months and 20 days later, the radiographic shadow of cavity (figure 5) 
became diminished to 2 x 2 cm. Sputum was reduced in amount, but con- 
tinued positive for tubercle bacilli. As paralysis of right diaphragm had 
lasted only for seven months and cavity still remained partly open, a second 
crushing of the phrenic nerve was performed November 20, 1934. Following 
this, sputum became bacilli-free. One and a half months after second opera- 
tion (ten months after first), X-ray showed (figure 6) complete disappearance 
of right-sided cavity-shadow. 
CONCLUSIONS 

In the presence of a normally moving diaphragm, tuberculous cavities 
enclosed within functioning lung tissue do not obliterate spontaneously, 
even when treated by prolonged rest-cure. In cases in which such spon- 
taneous closure occurs, there is probably a preceding impairment of 
diaphragmatic function, caused either by inflammatory processes in- 
volving the phrenic nerve, or by fixation of the diaphragm through 
pathological mechanical factors. 

Closure of isolated, centrally located pulmonary tuberculous cavities 
by artificial pneumothorax cannot be accomplished in a selective manner 
and involves extensive collapse of surrounding functioning lung tissue. 
Excessive reduction in the volume of air-bearing tissue is particularly 
undesirable in bilateral-collapse cases. Under induced paralysis of 
diaphragm the isolated cavity obliterates with a minimal loss of function 
sustained by the treated lung. 
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SOME CONSIDERATIONS ON THE RESULTS OF 
INTRAPLEURAL PNEUMOLYSIS'! 


PAUL DUFAULT anp ARMAND LAROCHE 


A good many writers have already reported the ‘results obtained on 
various series of intrapleural pneumolyses. As every group is presented 
a little differently and offers new aspects to consider, each one contributes 
its share to the solution of the problems involved and brings us a little 
nearer to more definite conclusions, especially as to the type of cases in 
which the operation is most beneficial. It is in this spirit only that the 
present report is submitted. 

From 1929 to the latter part of 1932 the procedure was resorted to in 
only a few cases in Rutland. Since then it has been performed on an 
average number ranging between 45 and 55 per cent of the pneumo- 
thoraces. Leaving the entire subject of technique and instruments to 
the surgeons, we shall mention only that the method was electrocautery, 
and that the instruments were the Jacobaeus-Unverricht and the Cutler- 
Davidson. 

During the period ending with the year 1934, there were 162 opera- 
tions? performed on 143 patients, 10 of whom had bilateral collapses. It 
will be noted that 85 were classified as stage 2 on admission, and 44, a 
little more than one-third, as stage 3, also that on 47 the prognosis was 
guarded or poor: 117 cases had cavities or honeycombing demonstrable 
by X-ray. 

A particularly close study of the films has shown that approximately 
90 per cent of the cavities are located in the 1st and 2nd interspaces an- 
teriorly. Special attention was paid to the location of those cavities in 
relation to the chest-wall before collapse, and in relation to the pleura 
after the induction of pneumothorax. Eighty-five per cent were found 
to be close to both or distant by less than one-half centimetre. Autop- 
sies substantiate these findings and show that the large majority of the 
excavations are situated immediately under the visceral pleura, which 
constitutes the last line of defense between the invaded lung and the still 

1 From the Rutland State Sanatorium, Rutland, Massachusetts. 


* Operations were performed by Dr. Frank H. Washburn, Holden, Massachusetts, Con- 
sulting Surgeon, Rutland State Sanatorium. 
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relatively healthy pleural space. In the presence of that thin veil ex- 
tending its frail texture as sole protection against the justly dreaded 
perforation and its disastrous consequences, one is bound to conceive a 
fearful respect for it and to act cautiously. This point will be discussed 
more at length with the complications. 


Length and Number of Adhesions: The number of adhesions seen on 
the film is considerably smaller than that revealed by the thoracoscope. 
Their length ranges between 5 and 8cm. Oblique and lateral views are 
helpful in determining those points with more accuracy, but the thora- 
coscope only can give definite information. 


Length of Operation: The average length of time for every operation 
was 44 minutes, the shortest being 7 minutes and the longest 2 hours. 
Although this time-factor does not seem so important in itself, our im- 


TABLE 1 


PROGNOSIS 


PNEUMOTHORAX 
BILATERAL 
PNEUMOTHORAX 
ONE OPERATION 
PNEUMOLYSIS ON 
BOTH SIDES 
PNEUMOLYSIS ON 
RIGHT SIDE 
PNEUMOLYSIS ON 
LEFT SIDE 
STAGE I 
STAGE II 
STAGE III 
Guarded 


UNILATERAL 


WwW 
co 
on 


Number of patients 
Number of operations... 


Ne | TWO OPER 
ATIONS 
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pression is that, the longer the operation, the more severe the pleural 
reaction. It is evident that the time consumed is in direct relation to 
the number of resections as the latter is to the importance of the trauma. 


Results 


Table 2 gives a summary of the results. The patients were followed 
from three months to two years after operation. The term Technically 
and Clinically Successful applies to an operation without complication 
resulting in an effective collapse. Among this group we have included 
4 cases, whose condition, excellent before operation, remained practically 
unchanged, and five others who improved temporarily after the inter- 
vention and apparently asa result of it, but later developed disease on the 
opposite side. 


Technically Successful and Clinically Unsuccessful: Adhesions severed, 
but collapse not improved, at least sufficiently to become effective. 
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Some of these cases broke down in the opposite lung or developed some 
extrapulmonary complications for which this operation is not to blame. 


Technically Unsuccessful and Clinically Successful: Collapse becoming 
effective in spite of the fact that only a few adhesions out of a large 
number could be severed; also the cases, which, after developing some 
complications, were successfully treated and eventually did well. 


Technically and Clinically Unsuccessful: Under this heading come all 
the severe complications, such as abundant bleeding, mixed empyemata, 
etc. This group includes also most of the advanced, bilateral, compli- 
cated and unfavorable cases from the beginning. In some of them very 
little was expected, but the operation seemed to be offering the only 


TABLE 2 


PERCENTAGE 
| IMPROVED 
| QUIESCENT 


Technically successful and clinically suc- 
cessful 


Technically unsuccessful and clinically un- 
successful 

Technically unsuccessful and clinically suc- 
cessful 


100 57 | 15 | 17 | 11 || 138 


chance possible, and this point should never be overlooked when results 
are to be justly appreciated. The five bilateral cases have been pur- 
posely omitted from the table. Two of them are now very well and one 
lung has been allowed to reéxpand after five and three years respectively 
of collapse. Another has been afebrile for some time and shows general 
signs of improvement. Two are dead. 


COMPLICATIONS 


Tuberculous Empyemata: Number of cases: 7. Stages: all stage 2. 
Prognoses: good, 1; fair, 4; guarded, 1; poor, 1. Four developed within 
sixty days and the others after eight months, andevenayear. The latter 
can hardly be attributed to the operation. This percentage of em- 
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pyemata is not very high if one considers that in the ordinary case of 
effusion following pneumothorax it varies between 5 and 15 per cent, 
according to the literature. It has been remarked that this complication 
seems more frequent now than it used to be. It undoubtedly is. This 
fact is explained by the type of patients that we are now treating by 
artificial pneumothorax, compared to that of only a few years ago. 
Whereas the procedure was kept in precious reserve for the few unilateral 
cases that had shown an excellent resistance, it is applied to-day to, or at 
least attempted on, the vast majority of pulmonary-tuberculosis patients, 
whether their lesions be unilateral or bilateral, chronic or active. The 
barriers have been let down, and everyone who has a running chance is 
given a chance torun. Indeed, the conditions required in the past from 
the candidate for pneumothorax are almost exactly the same that we look 
for to-day in the thoracoplasty applicant. Consequently, dealing with a 
sicker lot, it is only natural to encounter more complications. The tu- 
berculous empyema should not, however, cause too much concern. 
When properly treated, its outcome is usually good. Oleothorax (go- 
menol) or simple pleural lavage were successful in cleaning up all our 
cases. 


Mixed Empyemata: Number of cases: 8. Stages: stage 2, 4; stage 3, 
4. Prognoses: good, 1; fair, 2; guarded, 5. The mixed empyema pre- 
sents a more serious problem. In three cases it was the result of perfora- 
tions and the patients died. One cleared up with oleothorax. The 
others had open drainage and are faring pretty well. One has already 
had a thoracoplasty and we are hoping that the others will improve 
sufficiently to have it done. 


Perforations: Number of cases: 9. Stages: stage 2, 4; stage 3, 5. 
Prognoses: fair, 1; guarded, 8. After witnessing a few dramatic in- 
stances of perforation following rather closely upon intrapleural pneumo- 
lysis, we were not a little disturbed. A closer analysis of the cases gave 
us a somewhat different idea on the subject. 

In four of the 9 cases, perforation took place within twenty days; in 
the others, after one, two and three months, and even a year. All these 
patients showed bilateral involvement on admission and all died. 
Autopsies were performed on six of them, and in only one was the perfora- 
tion, occuring fifty-eight days after the operation, found to be in relation 
with the stump of a resected adhesion. The breaking points were in all 
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other instances distant by a centimetre or more from any visible adhesive 
bands. 

We cannot resist the temptation of reporting briefly 3 cases presenting 
striking resemblances and contrasts. 


1: M. MC. Age 34. Admitted July 24, 1934. Stage 2, prognosis fair, 
general condition good. Expectoration, one dram in twenty-four hours; posi- 
tive. Pneumothorax on the right, August 2. X-ray showed a bandlike ad- 
hesion, 5 cm. long, holding the cavity open. Pneumolysis, October 30. 
Seven adherent bands seen in upper and posterior portions of pleural cavity. 
All were severed: time, 23 minutes. Following operation, patient was com- 
fortable and took refills of 250 to 300 cc. every three days, always under nega- 
tive final pressure of —2, —3, —4. November 18: Patient began to feel nau- 
seated and generally miserable. Fluoroscopic examination revealed small 
amount of fluid in right pleural cavity. November 22: Dyspnoea: 800 cc. of 
air and 400 cc. of thin greenish fluid aspirated. From that time on air had 
to be aspirated frequently. A needle was finally left in the pleural cavity 
and patient had to be kept in the oxygen tent. She died December 2, 1934. 

Autopsy Notes: Right pleural cavity: There are 800 cc. of dark brown fluid. 
The pleura is shaggy and thick and the visceral layer shows many whitish 
patches. The pleural space is totally obliterated at the apex, mediastinal 
surface and costovertebral groove. About 2 cm. below the attachment of 
the visceral and parietal pleurae, at the apex, there is a roughened area about 
2 cm. in diameter, with a tab of cut adhesions 0.5 cm. long. About 1 cm. 
below this there is a flap-like opening, 0.8 cm. in diameter, exuding pus when 
the lung is compressed slightly. Underneath the opening there is a cavity, 
1.5 x 1.0 cm. in diameter, with very little fibrosis surrounding it and communi- 
cating with a large bronchus. Microscopical examination: At the site of the 
fistula, the wall of the cavity is necrotic. (Figures 1 & 2.) 


The autopsy apparently clears the pneumolysis from all guilt. Is the 
pneumothorax responsible for the rupture of the necrotic pleura? Had 
the latter remained in contact with the chest-wall, the eventuality of 
fistulization would have been undoubtedly lessened, but the outcome as 
to the patient’s life would not have been materially different. 


2: D. H. Admitted August 22, 1933. Stage 2. Prognosis guarded. Ex- 
pectoration scanty but positive. September 5: Pneumothorax on left. Jan- 
uary 8, 1934: Left intrapleural pneumolysis. In March patient showed symp- 
toms of tuberculous enteritis. July 24: Pneumothorax started on right. 
September 24: Right intrapleural pneumolysis: six or seven bands, one quite 
vascular, were severed: time of operation, thirty-three minutes. Collapse 
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remained ineffective, the cavity being still held open by adhesions. December 
7: At staff meeting, it was decided to attempt further resection of adhesions 
on the right. This was never done, because the following day the patient 
had a coughing spell and complained of dyspnoea. A fluoroscopic examination 
showed a considerable increase in the degree of collapse on the right. Oxygen 
tent, aspirations, etc. Patient died December 12. 

Autopsy Notes: Right lung completely collapsed. Thin string-like adhe- 
sion attached to lateral part of apex sloping upward to the chest-wal]l. About 
1.5 cm. below-this attachment, there is an opening 0.8 cm. in diameter, exud- 
ing thick creamy pus and communicating directly with a cavity 2.5 cm in 
diameter. Microscopical examination: The perforation and the surrounding 
tissue consist of necrotic material only, and the interior of the pulmonary 
cavity shows marked infiltration by polymorphonuclear cells. (Figure 3.) 


Had the pneumolysis been performed, we would have naturally attrib- 
uted the perforation to it. 


3: L.D. Admitted September 9, 1933. Stage 3. Prognosis very poor. Ex- 
pectoration, one dram. Positive. Left artificial pneumothorax started as 
last resort on October 2. Intrapleural pneumolysis November 13. Nineteen 
bands and strands of adhesions severed: a few were left: time of operation, 47 
minutes. Ran temperature for about a week. No other complication. Pa- 
tient has gained 18 lbs. since. She is now ambulatory and raises only a very 
small amount of negative sputum. An appendicectomy (acid-fast), per- 
formed in January, 1934, did not seem to retard her progress in any way 
(Figures 4 & 5). 


And such are the surprises in store for the phthisiologist. Any meddling 
with a case of the type just described might appear hazardous and even 
foodhardy to the conservative. But what would have been the outlook 
for that patient without active intervention?—A slowly progressive dis- 
ease with all its miseries leading toward a certain if somewhat delayed fatal 
outcome. 


Loss of Collapse: This has occurred ten times. It is a regrettable out- 
come of pneumolysis and it must be inscribed among the most undesirable 


Fig. 1. Case 1. Large cavity close to pleura. String-like adhesion running upward and 

outward behind the clavicle. 
Fig. 2. Same case ten days after operation. 
Fig. 3. Case 2. Large thin-walled cavity in 1st interspace near mediastinum. 

Fig. 4. Case 3. Left upper lobe practically an empty shell. Moderate infiltration in 
first interspace on the right. 

Fig. 5. Same case over a year later. Huge cavity closed. Right side also prac- 
tically clear. 
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results. It directly defeats the purpose for which the operation is done, 
and, unless some other measure of collapse therapy be resorted to, the 
patient is liable to suffer dire consequences. It goes without saying that 
the pneumothoraces lost in that manner could not be saved by daily 
refills, the air apparently escaping as fast as it was introduced. Most of 
them had severe subcutaneous emphysema. We have not had this 
occur during the last two years as deep stitches are now made at the 
opening and tight bandanges applied. The other pneumothoraces 
were lost later due to progressive obliteration or pocketing following 
effusions which developed immediately after operation. In most in- 
stances, the obliteration could be delayed somewhat by the use of 
oleothorax. 


Bleeding: Slight, 18 cases. Abundant, 7 cases. Vascular adhesions 
are dangerous to deal with. The surgeon has been advocating various 
measures in case of bleeding, among which we might mention silver clips 
(Bethune) and electrocoagulation. Low heat is recommended as a pre- 
ventive when using the cautery. We do not feel qualified to discuss those 
technical points, but we know the bad features of a severe haemorrhage, 
and we firmly believe that it should be avoided at all costs. It leaves 
the patient in a state of near collapse, in the presence of which one feels 
particularly helpless. The blood contained in the pleural cavity con- 
stitutes also an ideal culture medium and often becomes purulent, or, 
because of its high fibrinous content, it brings about an early obliteration 
of the pleural space. The best way to avoid these undesirable after 
effects is to withdraw the mixture of blood and fluid, as soon as the 
condition of the patient warrants, and wash the cavity with saline 
solution. Gratifying results were also obtained with oleothorax. 


To summarize: Of the 34 cases which have been made worse, directly 
or indirectly by the operation, ten are very well to-day, thirteen are still 
under treatment, most of them being in the stage of quiescence, and 
eleven are dead. Of the latter group, eight were classified as stage 3 
and given a guarded prognosis on admission. 


CONCLUSIONS 


There is no doubt that, in a large proportion (40 to 60 per cent) of 
artificial pneumothorax cases, intrapleural pneumolysis is indicated. In 
a smaller, but still appreciable percentage, it permits the carrying on of a 
pneumothorax which would or should otherwise be discontinued, as, for 
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instance, in the case of cavities strung up to the chest-wall by adhesions 
(third case reported). 

It is evident that most of the complications, except bleeding, appear in 
the advanced, active and unfavorable cases, and that no fair estimate of 
results can be arrived at without an appreciative view of the original 
material. In other words, if the most favorable cases only are to be given 
the benefits of intrapleural pneumolysis, close to 100 per cent success may 
be expected; but if other cases, such as advanced, bilateral and active, 
for which the future has very little in store are to be given the chance to 
improve their lot, slim as it may be, then the surgeon has to expect more 
failures. If only a few are saved, who otherwise would have been lost, he 
should still feel that his efforts have not been in vain. 

A judicious choice, based on careful observation on the part of the 
clinician, and a conservative, selective, and very precise technique on the 
part of the surgeon, are the necessary requirements for any reasonable 
degree of success. 
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TUBERCULOUS ABSCESSES OF THE CHEST-WALL AS A 
COMPLICATION OF PULMONARY 
TUBERCULOSIS 


A Report of a Case! 
C. W. TWINAM 


The object of this article is to present a survey of those cases in this 
institution, which have developed, as a complication of their pulmonary 
tuberculosis, chronic abscesses in the thoracic wall. The author admits 
incomplete bacteriological evidence for the aetiology of these abscesses. 
However, their nature and the fact that the pulmonary pathological 
changes were frankly tuberculous have engendered the opinion that these 
abscesses were tuberculous in origin. 

A review of the institution’s records reveals that since the opening of 
the Oakdale Sanatorium, February 1, 1907, 8,040 cases have been 
diagnosed and treated for pulmonary tuberculosis. Of these cases, ten, 
or approximately 0.14 per cent, prior to or during their period of treat- 
ment, have developed a chronic abscess of the thoracic wall. 

The incidence of chronic abscess of the chest-wall, as a complication 
of pulmonary tuberculosis, in the Oakdale Sanatorium, is slightly less 
than 1.5 per thousand. This incidence will appear to be low, but it is 
necessary to be cognizant of the fact that the cases considered herein 
were adults. 

According to Sorrel and Sayag-Dromer (1), who report a series of 45 
cases, the incidence of abscesses of the thoracic wall was considerably more 
frequent in children than in adults. Their report indicated that thirty- 
eight of the cases were in children and only seven in adults. 

In relation to the significance of chronic abscess as a complication of 
pulmonary tuberculosis, it is well to bear in mind that the abscess may 
supersede the underlying pulmonary condition as a menace to the life of 
the patient. This might occur as the result of extension of the abscess 
deeply through the chest-wall to the pleural cavity with resulting em- 
pyema. Since the majority of the abscesses occur anteriorly in regions 


1From the Department of Hygiene, Preventive Medicine and Bacteriology, State Uni- 


versity of Iowa. 
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TABLE 1 


CLINICAL 
DIAGNOSIS 


OTHER COMPLICATIONS 


LOCATION OF ABSCESS 


STAGE OF PRO- 
GRESSION OF 
PULMONARY 

LESIONS 


| TEMPERATURE 


DURATION OF ABSCESS 
AND SINUS 


Pulmonary 
tuberculosis 
Pulmonary 
tuberculosis 
Pulmonary 
tuberculosis 
Pulmonary 
tuberculosis 
Pulmonary 
tuberculosis 
Pulmonary 
tuberculosis 
Pulmonary 
tuberculosis 
Pulmonary 
tuberculosis 
Pulmonary 
tuberculosis 
Pulmonary 
tuberculosis 


Laryngeal tuber- 
culosis 


Laryngeal tuber- 
culosis 


Laryngeal tuber- 
culosis 


Laryngeal and intes- 
tinal tuberculosis 


Over lower end of sternum 


Left of sternum region; 2nd-3rd 
ribs 

Left of sternum region; lower half 
of sternum 

Left of sternum region; 4th-Sth 
ribs 

Left of sternum region; 7th inter- 
space 

Abscess involving sternum and 
costal cartilages on left 

Left of sternum region; 5th costal 
cartilage 

Left of sternum region of 2nd rib 


Right of sternum 


Right of sternum region; 3-4-5 
costal cartilages 


Far ad- 
vanced 
Moderately 

advanced 
Far ad- 
vanced 
Far ad- 
vanced 
Far ad- 
vanced 
Far ad- 
vanced 
Far ad- 
vanced 
Minimal 


Far ad- 
vanced 
Moderately 

advanced 


(mouth) 


31 months terminated 
by death 

29 months discharged 
with draining sinus 

37 months 

17 months 

26 months 

Not known 

3 months 

Slightly longer than 1 
month 


Not known 


19 months 
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of costal cartilages, extension might approximate the mediastinum. 
Others may extend deeply and gravitate down along the spine. The 
gravitation is usually checked by the diaphragm, but this structure may 
be dissected away, in which case gravitation continues along the plane 
of the psoas muscle and may present in one or both groins. 

Abscesses may occur on any part of the thoracic wall. Fishberg (2) 
states that the majority of abscesses occur anteriorly along the insertion 
of the diaphragm. Our series, like that of Auchincloss (3), indicates the 
location to be more frequently on the left side of the chest, anteriorly, 
and close to the sternum. Seven were to the left, two to the right, and 
one was located directly over the xyphoid cartilage. (See table 1.) 

The general condition of our cases, with two exceptions, is unfavor- 
able. (See table 1.) The clinical manifestations of the pulmonary 
lesions were “far advanced”’ in seven of the cases, ‘“‘moderately advanced” 
in two cases, and “‘minimal” in one case. Fluid in the pleural cavities 
had not been demonstrated in any of these cases previous to the discovery 
of the abscess. The febrile reaction was not marked and, in those cases 
in which there was a slight elevation of temperature, it could possibly 
have been due to the pulmonary lesion. 

No attempt is made to associate the origin of the abscesses as being 
within the ribs, the costal cartilages, or the soft tissues of the thoracic 
wall. It is not impossible that any one of these locations may have 
served as the original focus of the abscess. If the process is allowed to 
continue uninterrupted, all three are likely to become involved. Iselin 
(5), in a report of 177 cases of lesions in the chest-wall, feels that rib 
involvement is usually secondary. Relative to the works of Scott and 
Beattie (4), the lymphatics situated in the anterior costal interspaces, 
and the sternal or internal mammary lymph nodes must be considered 
as having ample potentialities as a focal point for abscess-formation in 
this region. 

The abscesses became quiescent in 5 cases. The interim required for 
their favorable results varied from three months to slightly longer than 
three years. (See table 1.) The average was slightly longer than 
twenty-four months. Fishberg (2) states that healing of these abscesses 
is slow, and that sinuses may persist for a period of months. In the 
series reported by Auchincloss (3), individual cases varied from two weeks 
to fifteen months before healing became complete. 

In the treatment it is well to bear in mind that the abscess is a local 
manifestation of a generalized disease. Fostering the possibility of 
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spontaneous resolution of the abscess as occurred in one of our cases, the 
early treatment should be directed toward the building up of the patient’s 
general condition by measures such as rest, nourishing food, fresh air 
and heliotherapy where it is not contraindicated. 

Table 2 has been included, showing the results of surgical and non- 
surgical treatment of the abscesses reported in this paper in so far as the 


results were obtainable. 


TABLE 2 


The author is not willing to accept the results 


METHOD OF TREATMENT 


DURATION OF SINUS 


Abscess lanced 


Abscess drained followed 
by light therapy 


Abscess drained and packed 
with iodoform gauze 

No treatment to abscess 
directly 

No treatment to abscess 
directly 

Surgical drainage and ex- 
cision 

No treatment to abscess 
directly 

Surgical excision 


No treatment to abscess 
directly 

Surgical drainage and iodo- 
form pack, later surgical 
excision with iodoform 
pack 


Chronic draining 
sinus 

Chronic draining 
sinus 


Chronic draining 
sinus 

Spontaneous sinus- 
formation 

Spontaneous sinus- 
formation 

Chronic sinus-forma- 
tion 

Did not ulcerate 


Secondary healing 


Chronic sinus-forma- 
tion 

Chronic sinus-forma- 
tion 


31 months and terminated 
by death 

29 months: patient was dis- 
charged with very slight 
draining sinus 

37 months: sinus was com- 
pletely closed 

17 months: sinus was com- 
pletely closed 

26 months: closed perma- 
nently 

Not known 


Three months 
Slightly longer than one 
month 


Not known 


19 months: complete qui- 
esence 


obtained in such a few cases as an index to the proper management of all 


such conditions. In this connection a few methods described by other 
authors will be cited in brief. 

Nelson (6) states that the local treatment should be directed toward 
keeping the infection pure, that is, to avoid, if possible, secondary in- 
fection. He also feels that heliotherapy should be employed where it is 
not contraindicated. Aspiration of the abscess is to be carried out under 
strict aspetic technique, primarily, to avoid the spontaneous rupture of 
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the abscess with the development of secondary infection. In his opinion, 
too much meddling is not good. 

Brewer (7), although he does not state the conditions under which 
surgical treatment is to be employed, indicates that, where it is to be 
used, radical removal of all diseased tissue should be carried out and the 
cavity should be thoroughly curretted and packed with iodoform gauze. 

Lexer and Bevan (8) recommend incision with removal of the mem- 
brane and the insertion of an iodoform tampon, if the abscess is small. 
If the abscess is large the tampon should not be used but the incision 
should be sutured and an iodoform-glycerine emulsion then injected be- 
tween the sutures in order to stimulate the formation of granulation 
tissue. 

Auchincloss (3), in his report of 9 cases, states that surgical treatment 
is of real value in these conditions but will fail without certain pre- 
cautions. His rationale is as follows: Before operating, the general 
condition should be improved to the greatest extent. Remove as much 
of the infected tissue as is practical. The principle of his procedure is to 
bring as much uninfected and well-nourished tissue as possible in apposi- 
tion on closing the wound. As much rib resection should be done as to 
expose an intercostal sinus or any underlying cleft or cavity and the walls 
of the latter are to be excised gently but as completely as possible. A 
small amount of iodoform powder may be dusted over the remaining 
wall. In closing the wound, dead spaces should be eliminated as far as 
possible. 

When the abscess lies beneath the pectoralis major muscle, the origin 
of the pectoralis minor from the ribs may be severed and the muscles 
with their blood-supply preserved may be inserted into the defect. If 
there is a large amount of oozing small drains may be inserted just 
through the skin. The blood should be expressed as far as possible from 
the wound and a pressure bandage applied over the dressing. Unless 
otherwise indicated, it is well to defer dressing the wound for twelve to 
fourteen days. Every effort should be made to secure a primary closure. 

The author is in accord with Beye (9) in his opinion that, in those cases 
in which the ribs or their costal cartilages are involved, these segments 
should be excised widely thereafter, attempting to keep the wound as 
free from secondary infection as possible. The rationale in this pro- 
cedure is to eliminate as far as is practicable the local focus of infection 
which was responsible for abscess formation. 
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CONCLUSION 


1. Cold abscesses in the thoracic wall in adults occurred in about 0.14 
per cent of the patients diagnosed and treated for pulmonary tuberculosis 
in the Oakdale Sanatorium. 

2. The incidence of cold abscesses complicating pulmonary tuberculosis 
in adults is slightly less than 1.5 per thousand. 

3. In seven of the 10 cases, the cold abscess occurred on the left side 
of the chest anteriorly, near the sternum. 

4. In those cases for which we have accurate records, the period of 
time elapsing before apparent healing had taken place averaged slightly 
longer than two years. 


Report of a case 


The following is case number X in the tables. 


C. T., male student, aged 24, suffered a mild attack of pleurisy on the right side, 
in October, 1929. The pleural pain was severe enough to cause him to consult 
a physician, who tapped his chest. This relieved the pain, and after one day 
the patient resumed his usual activities. There was, at this time, no elevation 
of temperature and the patient’s general condition remained up to par until 
January, 1931, one year and three months later, when he began to notice that 


he tired easily. Feeling that this tiredness was the result of increased work, 
he continued his regular duties but with an increased effort. Occasionally he 
was conscious of a sticking pain in the right chest which occurred when raising 
the right arm above his head and upon certain twists of his body. A month 
and a half later the patient accidentally became aware of a mass on the anterior 
chest-wall, following a slight blow, which caused a constant, dull, aching pain. 
The patient states, definitely, that the mass was present following the blow, 
the pain having been severe enough to cause him to palpate the area. 

The following day he was examined by his physician, who, after careful study, 
advised radiographic examination of the chest, with care being taken to photo- 
graph the involved area. 

The physical examination revealed an ovoid-shaped mass slightly larger in 
circumference than a silver dollar. The mass was located about 3 cm. to the 
right of the sternum, in the area overlying the third and fourth ribs, in close 
proximity to their sternal junctions. There was no oedema of the skin over- 
lying the mass or in the surrounding tissue. The tissue overlying the mass 
was freely movable, and evidenced no discoloration or change in texture. 
The mass itself was firm and resilient throughout, and gave no evidence of 
fluctuation on palpation, and apparently lay beneath the pectoralis major 
muscle on the right side. It was not movable, but rather gave the impression 
of being fixed in its position. 
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There was a dull, aching pain on deep palpation, but this occurred only at 
certain points of the mass and with moderate pressure being applied. 

Roentgenological examination was made on an anteroposterior diagonal 
plane to facilitate the exposure of the involved area on the anterior chest, 
There was no bone disease evidenced in the film and the right lung field ap- 
peared to be devoid of pathological changes. 

The mass was then exposed to well-filtered X-rays, the dosage being 150 R 
over a thirty-minute interval. Four hours after treatment the patient became 
aware of an indefinite distress in the mass, and two days later it appeared to 
have diminished in size. This was the first evidence of fluctuation in size. 
The X-ray therapy was continued with the same dosage once a week for three 
months. There was a definite reaction with apparent decrease in size of the 
mass following the first three treatments; thereafter, little if any change was 
noted in the size of the mass following individual treatments. 

On July 7, an exploratory operative procedure was carried out which revealed 
an abscess with finger-like ramifications. ‘The abscess was filled with a thick 
grumous material and lay beneath the pectoralis major muscle and upon ribs 
and intercostal muscles. No communication could be detected with any 
of the deeper structures. The perichondrium of the third costochondral junc- 
tion was eroded and a small “nitch” one-eighth of an inch deep was seen. 
The area was carefully curetted, followed by cauterization with iodine solution 
and an iodoform pack placed in the defect and the wound sutured. Recovery 
was uneventful and following removal of the iodoform pack the wound was 
flushed daily with a weak Lugol’s solution. A positive diagnosis of tubercu- 
losis was established by the inoculation of a guinea pig with material obtained 
at operation. 

On the fifth of August the patient was seized with severe pleuritic pain, 
followed within twenty-four hours by pleuritic friction rub, elevation of tem- 
perature and severe headache. On August seventh there was definite dulness, 
posteriorly on the right side. Radiographic films showed the presence of a 
massive exudate within the pleural cavity. The chest was needled and fluid 
withdrawn for examination. The fluid was light straw-colored and low in cell 
count. Bacteriological examination of the fluid was negative for tubercle 
bacilli. Guinea-pig inoculation was negative also. 

Following the acute illness, the patient’s general condition continued on 
the up grade, with a gain in weight of 35 lbs. At a previous X-ray examina- 
tion a small infiltration had been noted in the right apex. The temperature 
and pulse returned to normal and the lesion in the right apex showed definite 
evidence of healing. On December fifth, 1931, the patient was allowed to 
return to his home to remain on bed-rest. 

Patient returned to the clinic for examination on March 1, 1932. The 
general condition was improved. The sinus, which was persistent following 
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the operation, was still present with a small amount of drainage daily. A probe 
was passed into the sinus which led deeply into the chest-wall. At a subsequent 
operation it was found that the sinus led to the fourth and fifth ribs, which 
exhibited definite disease. A small opening extended through the intercostal 
muscles to the parietal pleura, which, in turn, was tightly adherent to the vis- 
ceral pleura. Further examination revealed definite tuberculous granulations 
in the underlying lung parenchyma lying adjacent to the mediastinum. A 
subperiostial resection of segments of the fourth and fifth ribs was done and as 
much of the offending tissue removed as was deemed advisable. 

The defect was covered over with iodoform packs and the wound carefully 
closed. Thirty days later the packs were removed and replaced by new ones 
which were gradually shortened to from three to five day intervals. The pa- 
tient was discharged from the hospital, with a smail draining sinus, and entered 
a sanatorium for the care of tuberculosis. The general condition was good. 
Light treatments combined with rest, fresh air, good food and concentrated 
vitamines comprised the active treatment in the sanatorium. The sinus has 
gradually but continuously become smaller. The discharge of exudate has 
gradually decreased until at the present time it has practically ceased. 


The author acknowledges his indebtedness to Dr. J. A. Edwards, Superintendent of 
Oakdale Sanatorium, in permitting scrutiny of the institution’s records and to Dr. Wm. T. 
Rourke for his valuable suggestions. 
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LUNG ABSCESS AND TUBERCULOSIS! 


FRANK MURRAY 


In recent years favorable opinion has been increasing in regard to 
surgical interference in cases of acute lung abscess that fail to heal within 
six or eight weeks. Lung abscess, in its early and acute phase, is a 
disease to be treated by the physician, but various writers on the 
subject protest against medical or bronchoscopic treatment being pro- 
longed into the chronic stage. The acute lung abscess that heals com- 
pletely under medical care usually does so inside of eight weeks from 
onset (1). Operation during this period is often unnecessary and always 
dangerous (2). Lambert and Miller (3) express the view that incision 
of the abscess in the early stage fails to drain effectively the entire in- 
fected area. 

It is in that group of patients, who survive the early acute phase, but 
in whom the abscess-cavity fails to heal within a couple of months, that 
thoracic surgeons recommend operative drainage (4) (5). Operation in 
cases of chronic lung abscess is more dangerous and less likely to give 
satisfactory results than operation before extensive fibrotic changes have 
had time to develop. Following the early acute stage, when the abscess- 
cavity is surrounded by a dense area of infiltration, there usually domes a 
period when roentgenological study indicates a clearing of the encircling 
zone of oedema and the absence, as yet, of fibrosis. If.study of a series of 
films does not suggest the probability of complete healing being likely to 
ensue this is the most opportune time to institute surgical drainage. 

Bronchoscopy is indicated as an aid to diagnosis and localization and 
to eliminate the possibility of the presence of a foreign-body, tumor, or 
other cause of obstruction of a bronchus, rather than as a method of 
drainage in itself. Though thoracic surgeons advocate surgical drainage 
in lung abscesses that have not completely healed in a couple of months, 
many physicians are reluctant to advise surgery in these cases on account 
of the comparatively high operative mortality, and because of the belief 
that these patients, having been discharged from the hospital as im- 
proved but still retaining an abscess-cavity, are likely to lead fairly 
useful and healthy lives for many years. 


1 From the Tuberculosis Division, St. Vincent’s Hospital, New York, New York. 
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LUNG ABSCESS AND TUBERCULOSIS 


Brunn’s (6) recent study of 205 cases of lung abscess, collected from the 
ords of a number of California hospitals, scarcely supports this view. 
' the 72 patients who were eventually operated on, 32 died and 40 
proved. There had been an average interval of 460 days from the 
te of onset to the date of operation. Surgery, he states, could not 
ércome the handicap presented by prolonged medical treatment. 
Death, in cases of chronic lung abscess, is usually ascribed to one of the 
(silowing causes:—intrathoracic spread, septicaemia, brain abscess, 
embolism, myocardial failure, and amyloidosis. Tuberculosis is 
-ldom, if ever, mentioned as a possible sequela in the American litera- 
re. 
Case History 
M.M., male, age 44, married, laborer. Admitted to medical service of St. 
Vincent’s Hospital, February 23, 1934, with diagnosis of acute lung abscess. 
Temperature, 100 to 103; pulse, 90 to 120; respirations, 20 to 28. White 
blood count, 15,000, with 70 per cent polynuclears; red count, 5,080,000; 
Kahn negative. No history of previous pulmonary disease. Toward end 
of November, 1933, patient had suffered fracture of jaw, and operated on in 
another hospital. Three weeks before admission to our medical service, he 
developed a cough with foul sputum. X-ray film, February 24, showed 
presence of a large cavity with fluid level in upper lobe of left lung. Patient 
expectorated large amounts of foul sputum, negative for tubercle bacilli. 
Was treated by postural drainage and bronchoscopy: thick white pus 
aspirated from bronchus to left upper lobe on several occasions. At the be- 
ginning of April, temperature gradually subsided to normal, and general condi- 
tion much improved; and cough had diminished and sputum decreased. Dur- 
ing last week in the hospital, a specimen of sputum examined daily for tubercle 
bacilli, with all specimens negative. Seven X-ray films were taken at inter- 
vals: the first showed abscess cavity with surrounding zone of infiltration in 
left upper lobe and small linear shadow below the 2nd rib in right upper lobe, 
suggesting small area of pneumonitis caused by bronchogenic spread and 
evidently of recent origin. Later films showed gradual clearing of infiltration 
in left lung and disappearance of fluid-level in the abscess-cavity, together 
with some discrete areas of mottling in right lung apparently largely absorbed 
belore patient was discharged. Film taken shortly before discharge showed 
cavity of irregular shape in left upper lobe, with signs of early fibrosis, and 
ittered areas of increased density in right lung with some fine fibrosis fol- 
ing absorption of what were considered areas of pneumonitis caused by 
‘ad from the abscess-cavity. Patient discharged, improved, April 27, 
1°34, to convalescent home, with instructions to attend our chest-clinic on 


237 
f 
) 
t 
f 


SLI puOdaS PUR JSIY UIAMJOG {java jo 
JIMO] OJULUMOP pue SULpUNO.INS 


Sperids 0} anp sTUOWNIUd AyIsuap jo 


Zururofpe asuap Jo vase faqoy saddn ur YIM AyAvd ssaosqy “UOISSIWIPe SUIMOT[OJ WILT FZ 


ti 
1! 
BEE. 
| yer. 
a 
4 me 
ii { 
if 
i 
| 
> 
i 
| 
4 
4 = 
; 
| 
E 
= 
= 
if 
i 
= 
+ 
5 
~ 
238 


LUNG ABSCESS AND TUBERCULOSIS 239 


his return. Seen at clinic a few weeks later, appearing better, but did not 
continue his visits. The following November a letter was sent requesting his 
attendance. Patient returned to clinic, December 18. During the interval 
he had returned to work in a brewery, but after six weeks left job on account 
of ill health. A couple of weeks before this visit he had become much worse: 
cough and sputum had increased, and he felt quite weak; had lost weight and 
was slightly cyanosed. Physical and fluoroscopic examination showed per- 
sistence of the abscess-cavity in the left upper lobe and fluid in the right pleural 
space. The patient was admitted to the ward. Findings: Temperature, 
100 to 103; pulse, 100 to 140; respirations, 22 to 30; white blood count, 9,900; 
77 per cent polymorphonuclears. Urine showed slight amount of albumen. 
Clear straw colored fluid, 500 cc., aspirated from right pleural space, proved 
negative for pyogenic organisms on smear and culture. Three consecutive 
specimens of sputum positive for tubercle bacilli. X-ray film showed large 
irregular cavity below left clavicle, and dense mottling throughout left upper 
lobe with scattered areas of mottling in lower lobe; also dense shadow at base 
and periphery of right lung, indicative of effusion, with areas of conglomerate 
mottling through right lung, and denser infiltration with suggestion of early 
cavitation below the clavicle towards the periphery. Patient’s condition 
rapidly became worse. Within a few days, he grew confused, spoke unintelli- 
gibly, and showed signs of cerebral and meningeal involvement. On lumbar 
puncture, spinal fluid was found to be under increased pressure, 300 mm. H,0. 
The fluid was clear and contained 220 white cells percm. Protein increased 
to 157 mgm.; sugar decreased to 25 mgm.; and chlorides normal. Signs of 
meningitis increased, and the patient died January 1, 1935. Permission for 
autopsy could not be obtained. 


LITERATURE 


Bayle (7) in 1810 and Laennec (8) in 1819 referred to gangrene some 
times involving the walls of tuberculous cavities. Lees (9) in 1842 
described a gangrenous tuberculous cavity found at autopsy in the lung 
of a child who had died from haemoptysis. Cruveilhier (10), in 1852, 
stated that gangrene could develop in areas of infiltration without cavity- 
formation. He claimed that compression of vessels by tubercles favored 
its onset. Various references to gangrene and secondary infection in 
association with pulmonary tuberculosis have been made since; but 
there appears to be little, especially in the American literature, on the 
association of lung abscess and tuberculosis. Most of the articles we 
have found are in the French literature. In some of these articles a clear 
distinction does not appear to have been made between putrid lung 
abscess and other suppurative and gangrenous pulmonary conditions. 
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The further back one goes, the less clear is the distinction. The clinical 
and pathological descriptions in the earlier reports would lead one to 
believe that the condition referred to as acute pulmonary gangrene is the 
same as that which we now usually term acute putrid lung abscess. Until 
recently, writers apparently took it for granted that when pulmonary 
tuberculosis and gangrene were found associated, the gangrene had been 
superimposed upon the tuberculosis, but in the last few years attention 
has been called by some of the French writers to the part that may be 
played by gangrenous suppuration in the lung in bringing about active 
pulmonary tuberculosis. 

It is of interest to note that, irrespective of the views of the writers 
regarding the primary or secondary incidence of tuberculosis in these 
cases, the course of the tuberculosis is frequently described as being of an 
acute nature. A number of the cases reported as instances of acute 
gangrene occurring in pulmonary tuberculosis first came under the care 
of the observers when the two conditions were already present and 
already evident. 

Renaud (11), in an article in 1920, reported a case of acute tuberculosis 
associated with acute lung gangrene occurring in a young soldier. The 
patient died eight days after tubercle bacilli were found in his sputum. 
Autopsy disclosed an area of gangrenous cavitation in the right upper 
lobe and tuberculous nodules scattered amid nontuberculous inflarma- 
tory areas through both lungs. 

Courcoux and Lelong (12) in 1923 discussed the subject of lung gangrene 
and tuberculosis, and expressed the opinion that, when both occur in the 
same patient, each follows its own course without influencing the other. 
This view is not taken by other writers. 

Roubier (13) in 1924 reported several cases previously described in 
Desplans’s Thesis (14) and stated that the association is not so rare as 
usually believed. 

Caussade, Tardieu and Rosenthal (15) in 1924 reported two cases of 
acute gangrenous suppuration occurring in patients with pulmonary 
tuberculosis and resulting in death within a few days. 

Lemierre and Bernard (16) in 1924 reported a case of acute lung gan- 
grene complicating acute miliary tuberculosis in a man 51 years of age. At 
autopsy a large gangrenous cavity partly filled with foul fluid was found 
in the right upper lobe with miliary tubercles scattered through both 
lungs and kidneys. The authors, from the patient’s history, dated the 
onset of the miliary tuberculosis five or six weeks before admission to the 
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hospital, and the onset of the gangrenous condition a few days previous 
to admission. 

Caussade, Tardieu and Blondel (17) in 1925 discussed various asso- 
ciations of lung gangrene and tuberculosis and reported five cases. 

Roch and Bickel (18), in 1930, classified the various associations of the 
two conditions as follows: 


1: Gangrene added to an old tuberculous lesion, neither process influencing 
the other. 

2: Extension of gangrene to the lung parenchyma from a foetid bronchiectasis 
accompanying pulmonary tuberculosis. 

3: Gangrene developing in the midst of a tuberculous lesion and forming a 
gangrenous-tuberculous symbiosis. 

4; Pulmonary gangrene constituting the earlier condition, tuberculosis de- 
veloping later. 


Neuhof and Wessler (19), in an article on putrid lung abscess in 1932, 
remarked: “A putrid lung abscess occasionally occurs in the midst of 
unrecognized pulmonary tuberculosis. The latter may not be recog- 
nizable because we have not, up to the present, found tubercle bacilli 
in the sputum while the putrid infection exists in such cases.” 


Sergent (20), who has reported more cases than any one else, clearly 
distinguishes acute lung abscess from other suppurative and gangrenous 
diseases of the lung. In 1931 he reported the case of a female patient, 47 
years of age, who developed an acute lung abscess followed by perfora- 
tion into the pleura. Ten weeks later tubercle bacilli were found in her 
sputum. Previous sputum examinations had been negative. 

In 1932 the same author (21) reported a case of reactivation of an 
arrested tuberculous lesion following acute lung abscess. The patient, a 
man of 30, had been sent to a sanatorium in 1928 on account of an early 
tuberculous lesion in the right upper lobe. His sputum was negative. 
After taking the rest-cure for five months he returned to work and re- 
mained well until April 1931, when he became acutely ill with an abscess 
in the left lung. Expectoration was abundant and of foul odor. X-ray 
films taken at intervals demonstrated reactivation of the old lesion in 
the right upper lobe that proceeded to cavity-formation. The sputum 
became positive for tubercle bacilli for the first time in July, 1931. The 
author discussed the questions involved, and, while admitting the possi- 
bility of direct irritant action of a suppurative process causing reactiva- 
tion of an adjoining tuberculous focus, he suggested the diminution of 
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general resistance as a more likely explanation of the sequence of events, 
He pointed out that in this patient the old tuberculous lesion that became 
reactivated was in the contralateral lung. In his discussion of this and 
similar cases the writer claimed that the possibility of tuberculosis 
eventually resulting should be considered an additional argument in favor 
of surgical drainage in lung abscesses that do not heal completely within 
eight weeks. 

Later, in 1932, Sergent, Kourilsky and Couve (22) reported 13 cases of 
pulmonary suppuration associated with tuberculosis, including the case 
last mentioned. These thirteen cases were seen during a period of two 
years and represented 16 per cent of the total number of lung suppura- 
tions they encountered during that period. In only one of these 13 
cases, the one just described, was there any evidence of tuberculosis 
previous to the suppurative condition. In 7 patients the presence of 
active tuberculosis was revealed by finding tubercle bacilli in the sputum 
on routine examination, or by positive guinea-pig findings following 
inoculation with pleural fluid, while the patients were under treatment 
for pulmonary suppuration. In 5 cases evidence of active tuberculosis 
was found at subsequent periods. Twohadsimplelung abscesses without 
putrid characteristics; four had local putrid lung abscesses; four had 
diffuse putrid lung suppurations; two had putrid pleuropulmonary 
suppurations, and one had a pleural nonfoetid suppuration. The authors 
stated that putrid lung suppurations predominated over other suppura- 
tive lung conditions in bringing about active tuberculosis and that in 
every one of the 13 cases, with one exception, the tuberculosis was of an 
acute type resulting in death in a few weeks to a few months. 

In 1933, Sergent, Gaspar and Tsui (23) reported the case of a male 
patient, aged 53, with lung abscess of seven months’ duration, in whom a 
series of X-ray films eventually showed evidence of beginning tuber- 
culous infiltration in the contralateral lung. The tuberculous process 
advanced rapidly, the sputum becoming positive three weeks after the 
first X-ray evidence of tuberculous infiltration. The patient developed 
symptoms of tuberculous meningitis and died less than a week after the 
finding of tubercle bacilli in his sputum. Injection of spinal fluid into a 
guinea pig was positive for tuberculosis. At autopsy no trace of tuber- 
culous lesions were found in the wall of the abscess-cavity. Miliary 
tuberculous nodules were disseminated through both lungs. Tuber- 
culous granulations were found at the base of the brain and along the 
Sylvian fissure. 
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Albot and Adéle (24) in 1931 discussed various associations of the two 
diseases and reported two cases. Both patients died shortly after the 
presence of the association was recognized. 

Pimienta (25) in 1931 reported 4 cases of pulmonary tuberculosis 

following lung abscess, the sputa becoming positive at intervals of four 
to six months from the date of onset of illness. This author supported 
Sergent’s view of lowered resistance being the cause of the tuberculosis. 
In the majority of these cases, he claimed, a diminution of resistance 
leads to the activation of primary foci of infection. 
’ Esteves and Artagaveytia (26) in 1933 reported a case of lung abscess 
in a female patient, aged 26, followed by active pulmonary tuberculosis, 
the sputum becoming positive twenty-one months after the onset. They 
distinguished this case from some others previously reported in that their 
patient had no foul sputum when they saw her, and designated the condi- 
tion as simple isolated pulmonary abscess. They also supported Sergent’s 
opinion that the possibility of eventual tuberculosis should be considered 
an additional argument against allowing a lung abscess to lapse into 
the chronic stage. 

Elizalde and White (27) in 1933 reported two cases of pulmonary 
abscess and tuberculosis in infants, with autopsy findings. 

Léon-Kindberg (28) in 1934 reported the case of a man, aged 28, 
who became ill with an acute lung abscess, complicated by a broncho- 
pleural fistula, following his rescue and resuscitation of a drowning person. 
The sputum became positive for tubercle bacilli shortly afterward. 
Previously he had been in good health and there was no history of 
phthisis. 

The author referred to the case reported by Lemiere and Bernard 
(16) as evidence that the lysis produced by anaerobic fermentation in the 
tissues can set loose an acute tuberculosis, and stated that lung abscess 
is a major factor in the evolution of the tuberculosis in such instances. 
In his discussion he considered the following categories: 


1; Anaerobic superinfection of the wall of an old tuberculous cavity. 

2: Latent or apparently healed tuberculous lesions reactivated by a pul- 
monary abscess. This group Léon-Kindberg further subdivided into those 
cases in which the abscess occurs at the site of the old tuberculous lesion and 
those in which the abscess occurs at a distance from the old lesion. 

3: Acute lung abscess followed by an acute or subacute form of tuberculosis 
in patients with no previous history or evidence of phthisis. 


FRANK MURRAY 


DISCUSSION 


In reporting this case our object is to draw attention to the possibility 
of tuberculosis developing in a patient who has had an acute lung abscess 
that has failed to heal completely. We do not aim to trace the exact 
process by which the tuberculosis is brought about, but suggest a few 
possible explanations, some of which have been already alluded to by 
writers previously mentioned: 


1: Lowered general resistance due to chronic pulmonary suppuration, causing 
reactivation of a latent tuberculous lesion or a healed primary focus. 

2: Direct irritation due to an abscess, involving area containing a latent lesion 
or a primary focus. 

3: Irritation of a distant latent lesion or primary focus by a bronchogenic 


spread from the abscess cavity. 
4: Reactivation of tuberculous mediastinal lymph nodes, due to their drainage 
of abscess area, and resulting in an acute haematogenous tuberculous dissemi- 


nation. 
5: Exogenous reinfection in individual with diminished local or general 


resistance. 


In addition, there arises the question as to the possibility of anaerobic 
organisms forming a symbiosis with tubercle bacilli, or the particular 
tissue changes caused by anaerobic action proving a more suitable 
medium for the growth of tubercle bacilli than the changes caused by 
other pyogenic infections. 

Although Sergent (21), in one of his earlier reports, claims lowered 
general resistance as the probable explanation of the reactivation of 
tuberculous foci, the type of tuberculosis that occurs in association with 
lung abscess is so frequently of an acute haematogenous nature, judging 
from the reports already cited and as exemplified in our own case, that 
we do not believe that there is a close analogy between these cases and 
other debilitating diseases during the course of which tuberculosis 
occasionally occurs. Haematogenous dissemination is not frequent in 
patients ill with phthisis, but appears to be a common event in patients 
who develop tuberculosis following lung abscess. We suggest that altera- 
tion of local tissue by anaerobic suppuration produces a culture medium 
favorable for the growth of tubercle bacilli still existing in old foci, and 
that the breaking-down of lung parenchyma or lymph nodes in abscess- 
formation makes easy their access to the blood stream. 

The number of cases of chronic lung abscess which we have been follow- 
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ing is too small to allow us to form an estimate as to the frequency with 
which tuberculosis eventually evolves. That it does evolve more fre- 
quently than we realize seems likely from a perusal of the French litera- 
ture. If the patient has not been under the care of the same observer 
from the onset of his illness, and sometimes even if he has been, when the 
tuberculosis manifests itself the preceding lung abscess may be overlooked 
and the initial symptoms be interpreted, in retrospect, as an acute onset 
in a case of pulmonary tuberculosis. 


SUMMARY 


1. Surgical interference should be seriously considered in cases of acute 
putrid lung abscess that fail to heal completely in six or eight weeks. 

2. A case of lung abscess followed by tuberculosis is reported. 

3. The literature on the association of pulmonary gangrenous sup- 
puration and tuberculosis is reviewed. 

4. Possible explanations of the development of tuberculosis following 
lung abscess are discussed. 
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TUBERCULIN-POSITIVE CHILDREN OBSERVED FOR 
VARIOUS PERIODS UP TO FIVE YEARS! 


A Study of 1,046 Reactors 
WILLIAM L. WEINTRAUB 


The chest diagnostic service operating in the various communities of 
Passaic County, New Jersey, as a unit of the County Sanatorium, with 
all X-ray films taken at the sanatorium, has been functioning for some- 
what over five years, having been organized toward the end of 1929. 
During this time a large number of children, who were found to react to 
0.1 mgm. of Old Tuberculin, administered intracutaneously and X-rayed 
at the time of reaction, have been continued on the clinic rolls and kept 
under observation. These children were ¢ stained in part from several 
school surveys undertaken in the early days: >nd characterized principally 
by the paucity of cases of adult-type pi.imc nary tuberculosis discovered. 
The greatest single source has been the tamilies of known cases of adult- 
type of pulmonary tuberculosis, that is, the contacts, since the public- 
health nurses attempt to refer to the clinic all contacts of both the newly 
diagnosed and the previously known cases of adult-type pulmonary 
tuberculosis. A certain number were obtained from school nurses and 
other agencies, having been referred primarily because of symptoms or 
malnutrition, and, when found to exhibit a positive tuberculin reaction, 
were continued under observation. 

During the last three months of the year 1934, which marked the close 
of the five-year period, a survey was undertaken of all clinic children who 
had been 15 years of age or under at the time they were found to show a 
positive tuberculin reaction. These children all had X-ray films taken 
at the time of discovery of their tuberculin sensitivity, and have been 
under observation for periods varying from six months to five years with 
re-filming practised in those cases in which it appeared most desirable 
after considering all existing circumstances, and in the end governed by 
the willingness of the patient to codperate, since each film necessitated an 
extra trip to the sanatorium. This survey concerns itself with 1,041 such 


1From the Passaic County (New Jersey) Chest Clinics and Valley View Sanatorium, 
Doctor Stephen A. Douglass, Superintendent and Medical Director. 
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children who were re-X-rayed during the last three months of 1934, ex- 
cept for some few stragglers, all of whom were completed before January 
15, 1935. The lapse of time, of course, now makes the eldest of these 
children 20 years of age. 

The films were read from the standpoint of showing adult-type pul- 
monary tuberculosis or any evidences of childhood-type tuberculosis. 
The cases diagnosed as childhood type of involvement were those which 
showed definite hilar lesions with calcification, the finding of calcium 
being considered essential; or parenchymal lesions, such as calcification 
of the Ghon type or fibrosis. One film showed marked lymph-node 
calcification in the cervical area and a negative chest and was included in 
the childhood type series by virtue of the cervical lesion. The classi- 
fication was made upon the final films, which could not, very well show 
childhood-type pneumonic »arenchymal lesions; some earlier films which 
showed such lesions had finally gone on to complete resolution or fibrosis 
and calcification. Hilar enlargements suggesting soft lymph-node in- 
volvement, later going on to calcification, were also noted; many such, 
however, failed to materialize and were finally read as negative, demon- 
strating once more that, as far as hilar lesions are concerned, the diagnosis 
of definite involvement of the childhood type is in many cases only made 
with any degree of accuracy after the process has existed for some time 
and has progressed to at least partial healing with the deposition of cal- 
cium. According to McPhedran and Opie (1), massive caseous tuber- 
culosis of tracheobronchial lymph nodes is infrequently recognizable in 
roentgenographs. Only single flat chest films were employed, and 
accordingly it is reasonable to suppose that the addition of oblique and 
possibly abdominal plates would have further reduced the number classi- 
fied as negative by demonstrating evidence of the childhood type of 
involvement not demonstrable by the methods used. All deductions 
drawn must take cognizance of this, bearing in mind that the figures 
simply indicate the lesions that have been found by the usually employed 
routine procedure. The actual diagnostic criterion of primary involve- 
ment is the tuberculin test, the X-ray simply serving to isolate some 
of the lesions and then most often only by showing what is locally in 
great part an end-result. 

Physical examination of the chest was not found to be of any value 
either in the diagnosis or follow-up of children with childhood-type lesions, 
since even the pneumonic parenchymal lesions of the primary type 
usually yielded no identifying physical signs. With the appearance of 
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adult type of involvement, positive signs may be elicited but even then 
as a rule only after considerable progression has occurred. The much- 
sought early lesions are in truth found only by means of the X-ray and 
should be discovered before symptoms have appeared. One is really 
amazed at the extent of involvement of the adult type which these chil- 
dren may present with practically no symptoms and often remarkably 
few physical signs. Excellent observations on the above have been 
reported by Myers (2), who concluded that we must go out and find tu- 
berculosis by the tuberculin test and X-ray film before it has become 
sufficiently extensive to produce symptoms and cause abnormal physical 
signs. Similarly McPhedran and Opie (1) conclude that the early 
diagnosis of pulmonary tuberculosis is in a large part dependent on the 
recognition of lesions that have not impaired health. 

The material about to be analyzed consists of the data obtained from 
observations on a group of 1,041 children who reacted to 0.1 mgm. Old 
Tuberculin administered intracutaneously, were 15 years of age or under 
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at the time of reaction, and who at the close of this study had been ob- 
served for periods varying from at least six months to five years without 
the establishment of a diagnosis indicating the development of the adult 
type of pulmonary tuberculosis. During the time elapsed before the 
three months allotted for final X-ray check and marking the close of this 
study, several such breakdowns were encountered and they will be noted 
and considered in their proper place. They are not however included in 
the immediately following figures. 

The 1,041 children comprised 508 males and 533 females. There were 
542 contacts and 499 noncontacts. In the male group there were 254 
contacts and 254 noncontacts, and in the female group 288 contacts and 
245 noncontacts. 

There were only 27 negroes, 16 of whom were contacts and no adult- 
type pulmonary tuberculosis was found in this group. One interim case 
was found in a negro as will be described later. 

Only those patients who lived in intimate association with a known 
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case of adult-type pulmonary tuberculosis were classified as contacts. 
The known case was, as is readily understood, almost always a member 
of the immediate family, the only exception being the occasional instance 


TABLE 2 


Period of observation 6months| 1 to 2/2 to 3/3 to 4|4 to 5|5 years 
years years years years 


Number of children 153 178 261 213 


TABLE 3 
A total of 2,435 films were taken 


Number of children 752 | 234 48 6 
Number of films on each case 2 3 4 5 
Total number of films 1,504 | 702 | 192 30 


TABLE 4 
Age grouping 


Age in years —1;i/); 2 3| 
Number of children.......} 1 | 3 | 25} 22 


5) 6} 7| 8 9 10) 11) 12) 13) 14) 15 
44| 71) 75) 95 


97|124/124/111) 86) 83) 55) 25 


TABLE 5 
192 patients showed X-ray evidence of only childhood-type involvement and 6 showed X-ray 
evidence of adult-type pulmonary tuberculosis further subdivided as follows: 
/ Contacts 
Noncontacts 
/ Contacts 
Noncontacts 


X-ray evidence of only 9 
childhood-type involve- 
ment 


Adult-type of pulmonary oncontacts 
tuberculosis / Contacts 

\\Noncontacts 


44 / Contacts 
Noncontacts 


Noncontacts 


Negative X-rays 


of a boarder so serving. Accordingly, in all deductions that may be 
attempted, the family factor must be given somé consideration. How- 
ever, whenever contacts in this age-group are discussed, the same thing 
holds true, since upon inspection the vast majority will demonstrate 


{i104 
7 
7 || 2,435 
i 
0 
5 
| 0 
Male 227 
843¢ 213 
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the presence of this family factor. The importance of heredity by virtue 
of constitutional status and its effects upon future tuberculous infections 
in the individual is beyond the scope of this paper. 

From table 2 it can be seen that 639 children were under observation 
for periods of more than three years and that only 224 were observed for 
periods of less than two years. 

In the male group 50 per cent were contacts; and 26 per cent of these 
contacts showed X-ray evidence of childhood-type involvement alone 


TABLE 6 


Males 508 


Contacts 254 


Noncontacts 254 


X-ray evidence of involve- 
ment 


68 


X-ray nega- 
tive 
186 


X-ray evidence of involve- 
ment 
27 


X-ray nega- 
tive 
227 


Childhood 
type only 


Adult type 
pulmonary 
| tuberculosis 


67 1 


Childhood 
type only 


Adult type 
pulmonary 
tuberculosis 

27 0 


Females 533 


Contacts 288 


Noncontacts 245 


X-ray evidence of involve- 
ment 


75 


X-ray nega- 
tive 
213 


X-ray evidence of involve- 
ment 
28 


X-ray nega- 
tive 
217 


Childhood 
type only 


Adult type 
pulmonary 
tuberculosis 

70 5 


Childhood 
type only 


Adult type 
pulmonary 
tuberculosis 

28 0 


while 10.6 per cent of the noncontacts showed similar involvement. In 
the female group 54 per cent were contacts; and 24 per cent of these con- 
tacts showed X-ray evidence of childhood-type involvement alone with 


similar findings in 12 per cent of the noncontacts. With respect to child- 
hood-type lesions, as demonstrated by X-ray by the usual procedure, 
there was no significant variation according to sex in reasonably com- 
parable groups of 508 males, of whom 50 per cent were contacts, and 26 
per cent of these showed X-ray lesions with similar findings in 10.6 per 
cent of the noncontacts; and of 533 females, of whom 54 per cent were 
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contacts, and 24 per cent of these showed X-ray lesions with similar find- 
ings in 12 per cent of the noncontacts. 

With respect to adult-type pulmonary tuberculosis an entirely different 
picture is presented. Six cases were found in the final X-ray film on 
these 1,041 children; however, during the course of this study previous to 
the final survey, five children had been found who had developed 
adult type of disease as shown by X-ray, after they had previously been 


TABLE 7 
Subdivision according to age, contact history and X-ray findings 


CONTACTS f NON-CON- 

CONTACTS X-RAY TACTS 
NON-CON- 

CONTACTS ADULT NON-CON- X-RAY 


TACTS 
CONTACTS X-RAY TYPE NON- TACTS ADULT 
NEGATIVE 


PULMO- |CONTACTS = X-RAY | TYPE PUL- 
NARY oniy| NEGATIVE | MONARY 
TUBER- TUBERCU- 


CULOSIS LOSIS 


25 
22 
44 
71 
75 
95 
97 
124 
124 
111 
86 
83 
55 
25 


Total. ...|1,041 


WN 


0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
1 
1 
0 
1 
1 


NWA SO 


499 


under observation and yielded a positive tuberculin test and a film nega- 
tive for adult-type pulmonary tuberculosis. These cases will all be 
described in detail as follows: 


From the Final Survey of 1,041 Cases 


Case 1: Female. Born 1920. Mother and grandmother died of pulmonary 
tuberculosis at V. V. Sanatorium. Positive tuberculin test, February 25, 
1931. X-ray, March 2, 1931, negative. In Glen Gardner Preventorium, 
April 21, 1931 to January 17, 1932. X-ray, September 25, 1933, negative. 
Final survey film, October 18, 1934, showed a small area of parenchymal in- 
volvement over right 1st interspace in midzone, with some streakiness ex- 


AGE CASES 
ONLY 

— 1 0 0 0 1 1 
3 1 0 1 2 2 
15 6 9 10 10 
16 7 9 6 6 
27 7 19 17 14 
31 12 19 40 37 

44 12 32 31 28 OC} 
45 11 34 50 44 
44 16 28 53 48 
66 19 47 58 53 
10 58 11 46 66 59 
11 55 9 45 56 52 
12 45 6 38 41 33 
13 42 10 32 41 35 
14 39 9 29 16 13 
15 14 2 11 11 9 
542 137 399 | |_| |_| 444 
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tending toward upper hilum. Patient had no symptoms or physical signs. 
Diagnosed pulmonary tuberculosis, minimal, and admitted to sanatorium, 
November 8, 1934. 


Case 2: Female. Born 1918. Mother died of pulmonary tuberculosis at V. 
V. S. . Positive tuberculin test, May 27, 1932. X-ray, June 6, 1932, showed 
on right a large Ghon focus at level of 2nd rib at junction of outer and middle 
zone, large lymph-node calcifications along side of 5th and 6th dorsal spines, 
and also calcifications over lower hilum; on left there were large lymph-node 
calcifications along side of 6th dorsal spine and multiple fine calcifications 
over apex. X-ray, January 22, 1934, showed no change from above. Final 
survey film, December 10, 1934, showed a diffuse parenchymal involvement 
over left apex and ist interspace in outer zone, shading off to upper hilum. 
Patient had no symptoms or physical signs. Diagnosed pulmonary tuber- 
culosis, minimal, and admitted to sanatorium December 28, 1934. 


Case 3: Female. Born 1915. One sister died of pulmonary tuberculosis at 
V. V. S., and another sister “cured” at sanatorium and was discharged as 
apparently arrested after having had a moderately advanced lesion. Posi- 
tive tuberculin test, March 1, 1930. X-ray, September 21, 1931, negative. 
Survey film, November 1, 1934, showed on right an early small cavity in 


outer zone of 2nd interspace with rim of exudative involvement around lesion 
and running down to hilum, while on left there was definite mild, diffuse, 
exudative involvement over 2nd, 3rd and 4th interspaces. Patient showed no 
definite symptoms or physical signs. Diagnosed pulmonary tuberculosis, 
moderately advanced, and admitted to sanatorium November 20, 1934. 


Case 4: Female. Born 1920. Mother died of pulmonary tuberculosis at V. 
V. S. Positive tuberculin test, June 13, 1930. X-ray, June 25, 1930, nega- 
tive. Was requested to appear for survey X-ray in October, 1934, and, be- 
fore she could comply, had severe haemoptysis and entered a local general 
hospital, where X-ray revealed pulmonary tuberculosis. Transferred to sana- 
torium, October 17, 1934. Film-taken, October 19, 1934, showed exudative 
involvement, submiliary in type, throughout right chest and probable thin- 
walled cavity over left upper lobe with pneumonic process over 3rd and 4th 
interspaces, merging with cardiac shadow which appeared pulled to left. 
Physical signs of involvement were present. Diagnosed pulmonary tuber- 
culosis, far advanced. Physical examination shortly before haemoptysis 
yielded no evidence of a lesion and patient had no complaints. Died January 
2, 1935. 


Case 5: Female. Born 1926. Mother died of pulmonary tuberculosis at V. 
V.S. Mother’s father died of pulmonary tuberculosis. Father has pulmo- 
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nary tuberculosis. Father’s mother and father died of pulmonary tuberculo- 
sis. Father’s sister, an intimate contact of patient, has pulmonary tubercu- 
losis. Positive tuberculin test July, 1930. X-ray, March 12, 1931, showed 
on right a Ghon focus at level of 6th rib in outer zone. X-ray, April 9, 1934, 
showed Ghon focus more discrete. Survey film, December 3, 1934, showed 
on left in 3rd and 4th interspaces, a little beyond cardiac shadow, definite 
diffuse exudative involvement. Patient showed no symptoms or physical 
signs. Diagnosed pulmonary tuberculosis, minimal, and admitted to sana- 
torium January 2, 1935. 


Case 6: Male. Born 1920. Father died of pulmonary tuberculosis. One 
brother and one sister died of pulmonary tuberculosis at V. V. S. Positive 
tuberculin test, May 16, 1932. X-ray, May 26, 1932, showed suggestive in- 
volvement, with early calcification of left hilum. Survey film, November 5, 
1934, showed considerable calcium over left hilum and a definite parenchymal 
lesion on left in outer zone of 1st interspace. Patient had no symptoms or 
physical signs. Diagnosed pulmonary tuberculosis, minimal, and admitted 
to sanatorium December 7, 1934. 


Cases Diagnosed During the Course of the Study 


Case 1A: Female. Born 1918. Father died of pulmonary tuberculosis. One 
brother died of pulmonary tuberculosis at V. V. S., and one brother (case 6 
just described) entered sanatorium later. Positive tuberculin test October 20, 
1930. X-ray, October 22, 1930, negative. March 4, 1932 had some symp- 
toms and coarse rales on right above 3rd rib and opposite 2nd and 3rd dorsal 
spines posteriorly; also few over left apex. X-ray, taken March 19, 1932, 
showed exudative involvement on right above 3rd rib, with probable thin-walled 
cavity in outer zone and extensive exudative involvement throughout left 
lung shading off above. Diagnosed pulmonary tuberculosis, far advanced, 
and admitted to sanatorium April 13, 1932. Sputum positive. Died August 
28, 1932. 


Case 2A: Female. Born 1920. Sister cured at V. V. S. and discharged as 
apparently arrested. Had positive tuberculin test April 1, 1931. X-ray, 
taken April 9, 1931, negative. Early in April, 1933, became ill with high fever, 
sweats, cough and sputum, weakness and pleurisy pains. Condition did not 
clear at home under care of family physician. Consulted clinic and entered 
sanatorium four weeks later (May 9, 1933). Pulmonary signs were fine 
pleural rales over middle and basal portions of left lung anteriorly. X-ray, 
taken May 10, 1933, showed pleural effusion over left lower lobe with possible 
slight parenchymal involvement above. Ran febrile course up to 102° for 
five weeks and then improved steadily and film, taken December 15, 1933, 
was negative. Patient discharged, December 23, 1933, as apparently arrested. 
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Case 3A: Female. Born 1922. One sister “‘cured” at Glen Gardner and 
mother died of pulmonary tuberculosis at V. V.S. Had positive tuberculin 
test, June 4, 1932. X-ray, taken June 9, 1932, negative. Had haemoptysis 
in June, 1934, and was X-rayed, July 3, 1934, showing exudative involvement 
at left apex, with small thin-walled cavity, the involvement shading off down- 
ward to upper hilum. Diagnosed pulmonary tuberculosis, minimal, and ad- 
mitted to V. V. S., July 24, 1934. Film, taken October 2, 1934, showed con- 
siderable clearing, and subsequently patient has done very well and fibrosed 
the lesion. 


Case 4A: Female. Colored. Born 1920. Sister died of pulmonary tuber- 
culosis at V. V. S. Positive tuberculin test, January 17, 1931. X-ray, 
January 22, 1931, negative. In June, 1931, had chills, fever, loss of weight, 
and tired feeling, and entered local general hospital where pulmonary tuber- 
culosis was diagnosed and the patient transferred to sanatorium, June 13, 
1931. X-ray, taken June 20, 1931, showed advanced exudative involvement 
of both upper lobes, more marked on left side. Physical signs were present. 
Course was febrile, became progressively worse. Died August 13, 1931. 


Case 5A: Male. Born 1924. Father has far-advanced pulmonary tuber- 
culosis with positive sputum. Positive tuberculin test, March 1, 1930. 
X-ray, March 3, 1930, negative, as also film taken April 7, 1932. Film, taken 
April 24, 1933, showed area of parenchymal involvement in 5th and 6th inter- 
spaces on left, just lateral to cardiac shadow. Diagnosed pulmonary tuber- 
culosis, minimal, and admitted to sanatorium, June 3, 1933. Patient had no 
symptoms or physical signs. Subsequently did very well and was discharged, 
November 20, 1934 as apparently arrested. 


Case 4, with an haemoptysis at the time an X-ray was ordered, would 
of course have been, and in fact actually was, discovered irrespective of 
the survey. Case 1A was disclosed by the development of physical signs 
and symptoms. Case 3A was found by virtue of an haemoptysis, but 
had no signs and was in the minimal stage. Case 4A, colored, had 
symptoms which brought it to a general hospital; it was a girl, who 
also showed physical signs. Disregarding case 2A, with the pleural- 
effusion onset, of the four listed above as showing symptoms the three 
that also presented physical signs at time of discovery were far advanced, 
dying within a relatively short time. Case 4A, that of a colored girl, 
had a negative X-ray five months previous to breakdown from far-ad- 
vanced disease, apparently an overwhelming infection; but cases 4 and 
1A might have been discovered earlier by X-ray, since the patients had 
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not been filmed for almost four and one-half years and one and one-half 
years, respectively. 

Of the 6 cases found in the survey check of the 1,041 children, all had 
definite contact histories, and five were females and one was male. Of 
the 5 cases found during the progress of the study, all had definite contact 
histories, and four were females and one male. In all, out of 1,046 chil- 
dren with a positive tuberculin test, 15 years of age or under at the time 
of discovery of tuberculin sensitivity and also at this time with no X-ray 
evidence of adult-type pulmonary tuberculosis, after variable periods up 
to five years with final X-ray of all cases at the close of the five-year 
period, except those that developed adult-type lesions in the interim, 11 
were found to have developed adult-type pulmonary tuberculosis, in 5 
the breakdown was observed before the close of this study, and 6 were 
discovered by means of the final X-ray film. Since no breakdown was 
found in the noncontact group the findings can more accurately be stated 
as 11 cases of adult-type pulmonary tuberculosis found in 547 (542 + 5) 
contacts. By sex 255 (254 + 1) were males and accounted for 2 cases, 
while 292 (288 + 4) were females and accounted for 9 cases. For the 
period involved, the contact males showed a 0.78 per cent incidence of 
breakdown from adult-type pulmonary tuberculosis, and the contact fe- 
males a 3.08 per cent incidence, or a rate practically four times as high as 
the males. The negative findings with respect to adult-type pulmonary 
tuberculosis in the noncontacts do not of course indicate even a rela- 
tively total absence of such developments, but rather that they were not 
observed in this group, whereas a similar comparable group of contacts 
showed the above positive findings. Needless to say, concrete examples 
of the occurrence of adult-type pulmonary tuberculosis in this age-group 
in noncontacts have been observed often enough to make certain that 
such an event can and does occur. Korns (3), in a somewhat analogous 
study which involved 300 reactors followed from two to ten years, 
found 3 cases of adult-type pulmonary tuberculosis, all in contacts, one 
having previously shown a negative X-ray and the other two X-ray evi- 
dence of childhood-type involvement. 

Adult-type cases 2, 5 and 6 out of the survey group and none of the 5 
interim cases, or 3 out of the 11, showed X-ray evidence of the late lesions 
of childhood-type involvement before the development of adult-type 
disease. The contact group displayed X-ray evidence of childhood-type 
involvement alone in 137 cases plus the 3 above, giving a total of 140 
such cases accounting for 3 cases of adult-type pulmonary disease, a per- 
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centage yield of 2.14 per cent. The negative X-ray contacts comprised 
399 cases, and adding the 5 cases of interim breakdowns, all of which 
belong in this same category, we have a total of 404, accounting for 8 
cases of adult-type pulmonary disease, or 1.98 per cent, a ratio quite com- 
parable with the 2.14 per cent above. 

‘According to these findings, it would appear that the presence or ab- 
sence of X-ray evidence of the late lesions of childhood-type tuberculosis, 
as demonstrated by the usually employed routine technique, is of no im- 
portance in determining the likelihood of future adult-type pulmonary 
tuberculosis in the individual. The presence of primary infection is the 
important factor, this being determined by the tuberculin test, and any 
differentiation based upon our crude demonstration of some of the lesions 
by X-ray has not as yet yielded any evidence, weighty enough to warrant 
attaching to it prognostic significance. The concept occasionally sug- 
gests itself that patients with demonstrable X-ray evidence of childhood- 
type involvement, referring, of course, to the late lesions showing calci- 
fications, present a much lessened incidence of adult-type pulmonary 
tuberculosis and, accordingly, that these patients enjoy a high relative 
immunity to reinfection because of these lesions. The principal evidence 
in support of this is usually that the majority of patients observed with 
adult-type pulmonary tuberculosis (referring to both adults and children) 
show X-ray evidence of adult-type lesions alone and only a minority 
show X-ray evidence of both childhood-type and adult-type lesions. 
This reasoning is open to criticism in that it is based upon no actual com- 
parison of controlled groups, the only data presented being the incidence 
of childhood-type pulmonary lesions, demonstrable by X-ray in a group 
of cases of adult-type pulmonary tuberculosis. There should then be 
presented for comparison the incidence of X-ray-demonstrable childhood- 
type lesions in a similar group that shows no X-ray evidence of adult-type 
disease. Even reasonable control would be extremely difficult in such 
an undertaking. In view of the information that is being sought, it 
would appear to be more to the point to study the incidence of adult-type 
pulmonary tuberculosis over a given period in comparable groups of 
patients with the presence or absence of X-ray-demonstrable childhood- 
type lesions constituting the only variable. These conditions have in 
the main been met here, and some conclusion may therefore suggest it- 
self. However, the numbers involved are not sufficient to warrant any 
interpretation of results as even reasonably acceptable until further sup- 
porting evidence is forthcoming. Stewart (4), in 1933, reporting an 
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analysis of over 10,000 cases examined and followed up at the Lyman- 
hurst School for Tuberculous Children, observed no evidence is found 
in the follow-up observations made during the past decade to indicate 
that cases presenting single or multiple large partially or heavily calcified 
scars show a definitely greater tendency to manifest symptoms or im- 
pairment in health referable to primary tuberculosis, or to suffer a 
different ultimate fate than do infected children who have small or no 
lesions demonstrable during life. 


SUMMARY 


1. The presence of primary tuberculosis is established by the tuber- 
culin test. 

2. Some evidence has been presented to indicate that the demonstra- 
tion by X-ray, employing the usual routine technique, of the lesions of 
primary or childhood-type tuberculosis, of the Ghon, fibrotic parenchy- 
mal, or calcific hilar node variety, is of no prognostic importance with 
respect to the possibility of future adult-type pulmonary tuberculosis. 

3. Eleven cases of adult-type pulmonary tuberculosis were discovered 
in following for variable periods up to five years a group of 547 tuberculin- 
positive children who were contacts, while the similar following of 499 
tuberculin-positive children who were noncontacts failed to bring out a 
single case. 

4, The female incidence of adult-type pulmonary tuberculosis in this 
contact group was four times as great as the male incidence; whereas the 
female incidence of X-ray evidence of childhood-type involvement alone 
in both contact and noncontact groups, as demonstrated by flat chest 
films, was remarkably similar to the male incidence, namely, 24 and 12 
per cent as against 26 and 10.6 per cent, respectively. 


REFERENCES 


(1) McPuepran, F. M., anv Opte, E. L.: Clinical significance of latent tuberculosis, Arch. 
Int. Med., 1933, lii, 145. 

(2) Myers, J. A.: The experience of The Lymanhurst School with tuberculosis in children, 
Tubercle, 1933, xiv, 216. 

(3) Korns, J. H.: Practical administrative policies for supervision of childhood-type tuber- 
culosis, Milbank Memorial Fund Quarterly, 1934, xii, 228. 

(4) Stewart, C. A.: Does a primary tuberculous infection afford adequate protection 
against consumption?, Jour. Am. Med. Assoc., 1933, c, 1082. 


TUBERCULIN-TESTING WITH P.P.D. AND O.T.! 
THOMAS M. PALMER, L. S. LAFFITTE anp JAMES A. WHITE, Jr. 


One is told that figures from various parts of the country point to a 
decline in the amount of tuberculous infection. These figures were ar- 
rived at by means of the tuberculin test. From the standpoint of epi- 
demiology such figures would be of far greater value had it been possible 
to employ a standard tuberculin. The various preparations of tuber- 
culin, state, commercial and others, are known to show marked variations 
in strength, thus giving readings which are by no means comparable (1). 

The qualifications of a standard tuberculin, as given by Long (2), are 
(a) specificity, (b) high potency, (c) stability, and (d) nonsensitization. 

Accumulated evidence (3) points to the fact that the active principle 
of tuberculin is bound up in the protein derived from the tubercle bacillus. 
Just as repeated injections of large amounts of egg-albumin and horse- 
serum will cause marked sensitization of animals (the Arthus phenome- 
non) so will the injection of tuberculoprotein. 

This property of sensitizing is apparently peculiar to proteins of high 
molecular weight. Thus, in employing high-molecular-weight tuberculo- 
proteins for skin-testing, one is confronted by the possibility of obtaining 
false positive reactions upon increasing the strength of the tuberculin 
(retesting the subject), as well as retesting the subject at a later date (4). 

It was Seibert who first reduced the molecular weight of these high- 
molecular-weight tuberculoproteins, so that, while no longer being able 
to sensitize, they retain their ability to elicit the tuberculin reaction in an 
infected human being. 


OLD TUBERCULIN AND THE PURIFIED PROTEIN DERIVATIVE OF SYNTHETIC- 
MEDIUM TUBERCULIN 


For the preparation of P.P.D. the tubercle bacillus is grown upon a 
medium of pure chemicals (5), with the result that all of the protein con- 
tained in the P.P.D. tablet has been derived entirely from the tubercle 
bacillus while none has been derived from the medium. 


? Presented at the Annual Conference of the Florida Tuberculosis and Health Asso- 
ciation, Orlando, Florida, April 3, 1935. 
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For the preparation of O.T., such as we have been using for the past 
eight years, the following culture medium is employed (6). 


Beef-Extract Bouillon 


Meat extract (Liebig’s) 
Peptone (Witte) 
Sodium chloride 


Reaction pH 6.8 


To the above is added 5 per cent glycerol. 


The tubercle bacilli are sterilized by heat and the dead bacilli are then 
removed by filtration (7). 
Of Old Tuberculin Long (8) states: 


It is not a unit substance but a mixture of extreme complexity. Its potency 
is due to about one per cent of its total substance, ninety-nine parts out of the 
hundred are inert. Whether in the ninety-nine parts there are elements pres- 
ent capable of eliciting nonspecific reactions is debatable, but, obviously, the 
absolute specificity of a tuberculin containing protein derivatives from beef 
or milk peptone cannot be guaranteed. Moreover, in all probability, the 
actual content of active principle is never twice the same. 


Seibert has kept P.P.D. tablets in herlaboratory for two years without 
any loss of potency, as well as without any physical or chemical change 
(9). The tablets which one purchases now (1935) have the expiration 
date ‘‘1939” stamped upon the box. 

Aronson (10) calls attention to Okell’s observation that a 1:1000 dilu- 
tion of Old Tuberculin, when kept at room-temperature, loses 40 per cent 
of its potency within ten weeks and 60 per cent within twelve months. 
However, just why one should elect to keep Old Tuberculin at room- 
temperature is not at all clear to us. 

Dilutions of P.P.D. must be freshly prepared at least ten minutes be- 
fore testing is begun. Dilutions of Old Tuberculin must be freshly pre- 
pared at least every four weeks. Myers (11) states that when 0.33 per 
cent tricresol is added or 0.25 per cent phenol, precipitation ensues. 
For this reason, fresh solutions should be prepared every ten to twelve 
days. During a recent conversation with Doctor Myers he told one of 
us (T. M. P.) that he advocated the above simply to be on the safe side. 

At the Phipps Institute (12) guinea-pig tests have shown that P.P.D. 
does not sensitize. Thus, one need have no fear of false positive reac- 
tions in uninfected individuals. From practical experience with Old 
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Tuberculin we have no reason to feel that it sensitizes. This experience 
is based upon the routine use of 0.1 mgm. with the use of 0.5 and 1 mgm. 
for retest purposes. It is very seldom that we feel compelled to use 0.05 
mgm., and we have never seen the real need of going beyond 1 mgm. 
We are quite familiar with the work of Hart (13). This observer used 
as high as 10 mgm. of O.T. in testing and found that greater strengths 
were little if any more accurate, while nonspecific reactions were more 
numerous. 

It is not feasible to measure the amount of protein in a definite dilution 
of Old Tuberculin, while with P.P.D. this is readily done. In a footnote 
to Willis’s article (14) this is given as the chief reason for assigning second 
place to O.T. 

It is interesting to note that synthetic-medium tuberculin is used by 
the U.S. Bureau of Animal Industry for cattle-testing, while the purified 
protein derivative of this synthetic-medium tuberculin (commonly known 
as P.P.D.) is used for testing human beings. 

When we contemplated performing the following comparative tests 
the thought occurred that the use of two different preparations of tuber- 
culin simultaneously, in the same subject, might affect the true reading, 
which the one or the other, used singly, might ordinarily give. In an 


article dealing with comparative testing Willis (15) states: 


Objections have been raised to this procedure on the ground that the ordinary 
reaction may not be a purely local affair and thus more than one injection, done 
at the same time, may influence the intensity of each. This point has not 
been sufficiently studied, but previous experience inclines us to the opinion 
that such a procedure has no effect upon the reaction to any of the concur- 
rent injections. 


Barnwell and Pollard (16) suggest that “comparison of percentage re- 
actors in simultaneous tests on apparently healthy individuals is a delicate 
method of standardization of an unknown against a known tuberculin.” 

We graded reactions according to Aronson (17): (a) slight redness and 
oedema, measuring 5 mm. or less, should be classed as doubtful; (b) red- 
ness and oedema, measuring more than 5 mm. and not over 10 mm., is a 
one-plus (+) reaction; (c) redness and oedema, measuring 10-20 mm., 
is a two-plus (+ +) reaction—it must measure over 10 mm.; (d) redness 
and oedema, measuring more than 20 mm., is a three-plus (+++) re- 
action; (e) redness, oedema and necrosis constitute a four-plus (+ + + +) 
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reaction; (f) if there be no oedema, but slight redness, the reaction is 
classed as negative. 

The tests were read at the end of forty-eight hours. Retesting was 
performed at this time. 

It is unfair, of course, to compare 0.000,02 mgm. of P.P.D. with 0.1 
mgm. of O.T., since the former is equivalent to 0.01 mgm. of O.T. (18). 
However, we deliberately chose 0.1 mgm. of O.T. as our first test-dose, 
because it is this strength which we have used routinely for years and it 
seemed only reasonable to do so. The second strength dose, 1.0 mgm. 
of O.T., is roughly equivalent to P.P.D. second strength (0.005 mgm.) 
(18). 

As subjects for testing we selected only the Negro. This selection was 
made for the following reasons: First, theoretically at least, it is in this 
race that oedema stands for so much and that erythema should occupy 
avery small place. Second, from past experience, we felt that we should 
certainly obtain the greatest number of reactors among our Negro popu- 
lation. Third, by far the greater amount of our work (previous testing) 
has been done upon the Negro. Fourth, since in our opinion the Negro 
is the key to the tuberculous-infection problem in the South, any so- 
called standard tuberculin must prove its real worth when used upon 
these people. 

We present, in the form of separate tables, the results obtained by 
testing the pupils of three separate schools in Jacksonville, Florida. The 
value of such a presentation we feel is superior to that of the single-table 
type. The scheme of presentation is patterned after the table of Long 
(19). Inthe latter’s table both white and colored children were included. 
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PALMER, LAFFITTE AND WHITE 


Resulis Summarized 


Per cent positive Per cent positive 
to P.P.D. 
71 
66 
54.2 


We had every reason to expect a smaller incidence of tuberculous in- 
fection in the Franklin School, because the pupils come from the better 
homes and the school building itself is a modern, up-to-date structure. 
In the other schools conditions are deplorable. There is the utmost 
crowding, lighting conditions are very poor, and, most significant, many 
pupils come from the very poorest families. These facts, we feel, ac- 
count for the lowered incidence rather than the fact that it was in the 
Franklin School that we employed P.P.D., Sharp & Dohme, while in 
the other schools we employed the Parke Davis product. 

In view of the recent literature dealing with P.P.D. we were rather 
surprised when we noted the discrepancy (marked) between the percent- 
age of reactors toO.T. and P.P.D. However, we feel that the tests were 
very carefully performed and very carefully read. One of us (T. M. P.) 
administered each test of P.P.D., while the same person viewed each test 
of O.T. immediately after it was done. Again, the same person was 
present at each and every test-reading. The O.T. was obtained from 
Saranac Lake three days prior to the commencement of testing. Dilu- 
tions of O.T. were prepared by one who has been preparing these for the 
’ pediatrics clinic of the Duval County Hospital during the past five years. 
Following preparation, the dilutions were incubated for forty-eight hours 
in order to test sterility. The same person prepared each dilution of 
P.P.D. fifteen minutes before testing was begun. There was no question 
that the P.P.D. tablets were thoroughly dissolved. 

When one comes to that part of the tables where erythema only is in- 
dicated, it is interesting to observe how consistent the O.T. readings are. 
There were 7 such reactions at Cookman School, 6 at La Villa and 6 at 
Franklin School. In the case of P.P.D. we find 1 such reading at Cook- 
man School, 12 at La Villa School and 14 at Franklin School. 

In Cookman School there resulted 5 per cent total equivocal readings 
toO.T.and3percenttoP.P.D. InLa Villa School there were 3 per cent 
total equivocal readings to O.T. and 5 per cent to P.P.D. While in 
Franklin School there were 2.1 per cent total equivocal readings to O.T. 
and 3.1. per cent to P.P.D. 

We realize the fact that when one is reporting the results of hundreds 
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of tests it is not feasible to tabulate in millimetres those reactions con- 
sisting of erythema only, neither is it possible to record each reading 
considered equivocal. We feel, however, that just this sort of record 
would be most valuable, since, when reactions are merely recorded as 
positive the reader simply fails to realize that there is a very definite 
element of difficulty involved in an attempt to interpret some of the tests. 
In short, he fails to realize that it will be far from possible for him to 
classify readings simply as positive or negative. After all is said and 
done, the personal equation enters into tuberculin interpretation far too 
much. Since this is unavoidable, one must ever be on the qui vive while 
interpreting tests and, as soon as the element of fatigue becomes manifest, 
readings should stop. 

That erythema, slight erythema and oedema measuring 5 mm. or less, 
as well as erythema with very questionable induration, should be classed 
as a doubtful reaction, certainly following the first-strength test with 
either O.T. or P.P.D., is illustrated by the following table: 


O. T. 2. D. 


0.1 mgm. 1.0 mgm. 0.000,02 mgm. 0.005 mgm. 


2 X 2 mm. Negative 
4x4 “ 
2X2 
2X2 
3X2 
“E&I 4x4 
E&I 2X2 
E&I 
11 X ii 
E&?I 7X7 


4X 4mm. Negative 
3X3 
5X5 

4x4 


5X6 
2X2 


wr 
xX X 
wr 


xX X 
> 


to 
x 
to 


* Erythema. 
** Erythema and induration. - 
*** Erythema with equivocal induration. 


In one instance 0.1 mgm. of O.T. gave a reaction measuring 11 x 11 mm. 
However, ninety-six hours later there remained no trace of the reaction. 
We believe, from our experience with O.T., that a positive reaction will 
remain quite evident for ninety-six hours or longer. In fact, this present 
study convinced us that reactions which we have been accustomed to look 
upon as positive will remain in evidence at the end of ninety-six hours. 
We feel that the final reading, using either O.T. or P.P.D., should be 
made at the end of seventy-two hours. 
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Those of our subjects having four-plus reactions (there were four), also 
those with three-plus reactions and vesiculation (there were four), had 
X-ray films of the chest made. In one case (C. L. F.) with a four-plus 
reaction and no history of contact, the film showed the reinfection type 
of tuberculosis. We trust that we shall be able to obtain chest films of 
all those giving a positive tuberculin reaction, regardless of the size of 
the reaction. 

SUMMARY AND CONCLUSION 

1. Two hundred ninety-four Negro school-children were tested with 
O.T. and P.P.D. In one school, 79 per cent were positive to O.T. and 
71 per cent positive to P.P.D. In a second school, 79 per cent were 
positive to O.T. and 66 per cent positive to P.P.D. Ina third school, 67 
per cent were positive to O.T. and 54.2 per cent positive to P.P.D. 

2. The percentage of equivocal reactions was slightly higher with 
P.P.D. than with O.T. 

3. O.T. gave erythema only in 7 instances in one school, 6 instances 
in a second school, and 7 instances in a third school. P.P.D. gave ery- 
thema only in 1 instance in one school, 12 instances in a second school 
and 14 instances in a third school. 

4. With the evidence which we have we are by no means satisfied that 


P.P.D. is superior to O.T., at least in the case of the Negro. 


We gratefully acknowledge the large part played by Miss Gladys Malcolm, Executive 
Secretary of the Duval County Tuberculosis Association, both in obtaining tuberculin as 
well as subjects for test purposes. 
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THE PROCESS OF RESOLUTION IN PULMONARY 
TUBERCULOSIS! 


J. BURNS AMBERSON, Jr. 


Inferred by Richard Morton in his Phthisiologia (1689), later affirmed, 
mostly by clinicians, and doubted, mostly by pathologists, the possibility 
that tuberculous inflammatory deposits, even of wide extent, may dis- 
appear at least partly from the lungs, except by necrosis, softening and 
excavation, is now known. The nature and limits of the process of reso- 
lution by which this occurs still need clarification. Although possessed 
of its own significance, it is plainly just one phase of healing and can be 
understood, therefore, only by considering its relation to the total 
mechanism. ‘The tempo of tuberculosis, especially of its healing phases, 
is adjusted differently and often disorderly in different individuals and 
species, and for this reason the facts of animal experimentation cannot 
be applied too strictly to man. The consequences of virulent tubercu- 
lous infection of guinea pigs, for instance, succeed each other too speedily 
and too uniformly to the fatal issue to throw much light on certain 
clinical aspects of the chronic and recessive lesions peculiar toman. The 
answer to questions such as the cause and hazard of relapse after resolu- 
tion and the basis of rales persisting for years in the lungs in which resolu- 
tion has occurred must depend largely, and in some respects solely, on the 
persistent study of human material. Then, verification of conceptions 
so formed hinges strongly on the observation of individual cases for many 
years. 

This clinical study is based on an experience of eighteen years during 
which I have had a constant-interest in the healing process. I have 
observed resolution of some degree in at least five thousand cases, have 
followed at least five hundred of these for a few months to a few years 
afterward, and have selected twenty-five for special attention because, 
ten to eighteen years after striking resolution had occurred, they present 
particularly instructive features. The study supplements, corrects and 

1 From the Tuberculosis Service of the First Medical Division of Bellevue Hospital and 
the Department of Practice of Medicine, Columbia University, College of Physicians and 
Surgeons. Presented at the meeting of the Association of American Physicians at Atlantic 


City, New Jersey, May 7, 1935. 
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clarifies some of the views which I (1) published in 1921-1924. The 
problems considered include the kind of lesion which resolves, how 
rapidly and under what conditions; the predictability of resolution and 
the residues which persist after it; the relationship to resolution of fibrosis 
and of encapsulation and calcification of caseous lesions. 


LESIONS WHICH RESOLVE 


In so far as resolution is demonstrable in the lungs by clinical and 
roentgenological methods, it operates almost exclusively in exudative 
pneumonic lesions of lobar or lobular distribution. In their early stages 
these often appear grossly as smooth, jelly-like solidifications or infiltra- 
tions of the alveolar spaces; hence the name, gelatinous pneumonia (in- 
filtration tuberculeuse gélatiniforme of Laennec). As Tendeloo (2) ex- 
plains, if the exudate is richer in cells, it answers to the description of 
Buhl’s “desquamative pneumonia”; or, on account of its smooth cut 
surface, pathologists sometimes refer to it as “smooth pneumonia” 
(Grancher’s splenopneumonia; glatte Pneumonie (Virchow)). Micro- 
scopically, the inflammatory exudate is found to consist of varying pro- 
portions of serum, fibrin and cells (leucocytes, large mononuclear cells 
and sometimes lymphocytes). Within a few days or perhaps more 
slowly, the pneumonic deposits become opaque and grayish and fin- 
ally yellowish at or near their centres. These central] caseating processes 
may then spread peripherally and merge until they involve all or most 
of the lesion, and finally liquefaction-necrosis and excavation may set in. 
The rapidity of development and progression of the lesions and the reg- 
ularity of caseation are peculiarities which should impress the clinician. 
After surveying the literature, Pagel (3) reports that he could find no 
autopsy record of a case in which caseation had not already occurred. 

An interesting conception in this connection is that which regards the 
tuberculous pneumonic exudate as a perifocal or collateral inflammation; 
that is, an inflammation which at points may be poor or lacking in tuber- 
cle bacilli and tuberculous elements (for instance, giant cells) but is spe- 
cifically dependent on the nature and behavior of the focus at its centre. 
As discussed by Huebschmann (4) in his paper on the subject, Ranke 
considered the epithelioid tubercle as the central focus. Tendeloo (2), 
on the other hand, believes that central necrosis is a prerequisite and 
that collateral inflammation results from the diffusion of bacterial toxins 
from the necrotic focus. Huebschmann differs in that he looks upon peri- 
focal inflammation as being due to the diffusion of products of tissue 
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disintegration rather than of bacterial toxins. Whatever these relation- 
ships may be, it seemsnecessary and sound to accept the observation that 
most if not all exudative inflammatory lesions have more or less caseous 
necrotic centres, that the zone of collateral inflammation is somewhat 
dependent thereon, and that, despite its sometimes nonspecific appear- 
ance, this zone often caseates and breaks down. The degree and speed 
of perifocal reaction must depend largely on the size of the infecting dose 
of bacilli and probably also on their virulence; it is well known to be 
accentuated by tissue hypersensitiveness (allergy) but it is not wholly 
dependent on this, since newly infected infants may react promptly with 
the formation of such lesions before allergy has had time to develop 
(Beitzke (5), Grethmann and others). Studies like those of Tendeloo and 
of Petersen and Levinson (6) offer strong evidence also of nonspecific 
influencing factors such as the degree of capillary permeability of the 
involved structure. 

The development and behavior of tuberculous pneumonic lesions 
under peculiar conditions have from time to time led to misconceptions 
such as that of Virchow’s “tuberculin pneumonia” (1891), which was 
nothing more than an intense perifocal inflammation stimulated by 
tuberculin injections; it may be stimulated also by the injection of a 
variety of nonspecific substances such as milk or sanocrysin, by the appli- 
cation of actinic rays, and the play of many other forces. Likewise, the 
curiously mild course of some of these inflammations in infants led 
Eliasberg and Neuland to introduce the term “epituberculosis.” Recent 
investigations, summed up by Willis (7) and supported by his own 
experiments, identify these infiltrates as specifically tuberculous, and 
warrant dropping the confusing denomination, ‘‘epituberculous.”’ 

Exudative pneumonic lesions may be recognized at any time of life, 
but much more often in the first four decades; in fact, the clinical onset 
in young people is usually the expression of such a lesion. These may 
be detected as entirely fresh, or may represent obvious extensions from 
or about older lesions. At the time of first development they are almost 
always small and confined to one lobe of one lung, more often an upper 
lobe. The clinical symptoms then are mainly constitutional and mild. 
Intensely acute manifestations usually connote subsequent pneumonic 
extensions which may develop rapidly, particularly when liquefied case- 
ous matter, rich in tubercle bacilli, is spilled from an excavating early 
infiltrate into the bronchi. Under such circumstances the persistence of 
profound toxaemia with high fever during more than a few days suggests 
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that the new lesions are likewise rapidly undergoing caseous necrosis. 
This feature of the clinical picture is singled out for emphasis because, as 
discussed below, the effectiveness and extent of resolution is limited 
largely by the extent of central caseation. Roentgenographically, it is 
not possible to delimit the caseous elements of the lesions, but a broad 
zone of collateral haziness, particularly if this is spreading, is almost a 
sure sign of such central coagulation and disintegration; later, moth-eaten 
rarefactions appearing in the denser portions may inferentially confirm 
this. Likewise, in a febrile case, the detection of moderately coarse very 
moist rales in such a lesion, where previously these sounds were only 
crepitant or wholly lacking, is equally significant. In mild cases with 
small lesions there is reason to believe that slow central caseation may 
take place with little or no change in the roentgenographic shadows until 
ulceration into a bronchus and discharge of the liquid mass occurs. 


RESOLVING NONTUBERCULOUS LESIONS TO BE DIFFERENTIATED 


As mentioned, tuberculous exudative pneumonic lesions may not 
exhibit gross characteristics or specific elements such as giant cells to 
identify them even though the inflammation is specifically dependent on 
infection with the tubercle bacillus. It is not strange, therefore, that 
clinically they sometimes constitute situations for differential diagnosis. 
In some instances the diagnostic confusion may result in ascribing to 
tuberculosis potentialities for resolution which it does not possess. In 
so far as such recession of pulmonary deposits is concerned, the condi- 
tions mainly to be distinguished are the acute or subacute nontubercu- 
lous pneumonias, including suppurative pneumonias, infarcts, and 
changes secondary to bronchial stenosis. As a rule these can be identi- 
fied readily, and most of the difficulties arise when localization is in the 
upper part of a lung, the favorite site for tuberculosis. Thus, an upper- 
lobe nontuberculous lobular pneumonia may bear every resemblance to 
tuberculosis except for its rapid disappearance and the failure to find 
tubercle bacilli in the sputum; even the onset of this disease may be in- 
sidious and attended by scarcely more than a mild coryza and bronchitis. 
Likewise, resolving pneumococcus lobar pneumonia with atypical onset 
and course may be misleading. Localized in a lung or lobe damaged 
and scarred by previous infection, lobar pneumonia may start with 
haemoptysis and resolve slowly, thus simulating tuberculosis remark- 
ably closely. When chronic bronchial stenosis interferes with aeration 
of a lung or especially a part of it and when the inevitable pneumonitis 
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slowly develops in this deficiently ventilated and drained section, the 
picture can be easily mistaken for tuberculosis. This is a peculiarly 
trying problem in children in whom the stenosis may result from the 
pressure and irritation of a mass of tuberculous tracheobronchial lymph 
nodes. 

Nonspecific inflammations of these types occur as complications of 
pulmonary tuberculosis and must be separated if one is to understand 
resolution. In practice, as well known, error is most disastrous when 
mild-looking early tuberculous infiltrates are not identified. All fresh 
pulmonary inflammations of uncertain aetiology, especially in young 
people, should be observed under conditions as if tuberculous. 


THE RESOLUTION PROCESS 


It has been stated that resolution operates mainly in exudative pneu- 
monic lesions, and this situation is now to be examined further. Without 
doubt the part of such a lesion which resolves most often and most readily 
is the zone of collateral inflammation which has not yet become necrotic. 
Since the lesions are more or less caseous at the centre, especially if they 
are giving rise to clinical symptoms, it is of major importance to know 
whether or not the caseous masses may likewise disappear. Indeed, 
this is a crucial question in that the true answer must needs influence our 
attitude in the treatment of many patients. In 1924, I (1) stated that 
“Perifocal inflammation may resolve, but the caseous nucleus usually 
persists indefinitely.” Subsequently experience has not altered this 
view, although it should be amplified to include the obvious provision 
that the caseous masses are often removed by excavation. The experi- 
mental demonstration by Gardner (8) and by Willis (7) that microscopic 
caseous lesions may be absorbed rather rapidly from the lungs of infected 
animals suggests the same possibility in man, and this may be assumed. 
But it is most exceptional that clinically detectable and therefore larger 
lesions, however well they may resolve, do not leave behind presumably 
caseous residues, the healing of which is slow and depends on other 
processes. 

Besides caseation and excavation, the alternative to resolution of exu- 
dative pneumonic lesions is organization of the inflammatory exudate 
deposited in the alveoli. This process was described by Ceelen (9) and 
his student, Hubert (10), as carnification. Letulle (11) refers apparently 
to the same phenomenon under the name hyper plastic fibro-elastic sclerosis. 
It is reported by these pathologists as a common sequel in such lesions, 
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the resulting fibrosis being partly of a recognizably tuberculous nature 
and partly nonspecific. By clinical and X-ray methods I am not able 
to distinguish carnification from other types of fibrosis, but surmise that 
the more or less heavy strands left behind after resolution has taken place 
and the shrunken massive scars about some old caseous and excavated 
areas may belong in this category. 

The factors influencing further necrosis on one hand or resolution on the 
other reside largely in the lesion itself and particularly in its caseous core. 
Among these Aschoff (12) mentions the virulence, dose and suspension 
form of the tubercle bacillus, the mixture with toxic substances and the 
presence of mixed infection. He, Tendeloo and others also recognize 
nonspecific and general forces which may help or hinder resolution, such 
as local circulatory conditions, especially when these are altered during 
measles, influenza, whooping cough, and other infections; the dust content 
of the lungs; lowered vascular tone associated with diabetes, psychic 
aberrations and the like; location of the lesions in the lungs and the rela- 
tion of respiratory movements. Tendeloo, seeking to explain the sup- 
posedly more ready resclution of lesions situated in the lower parts of the 
lungs, believes this is related to the more active movement here of tissue 
fluids and lymph, a view difficult to reconcile with the general conception 
of the mechanism of rest treatment. I have no convincing evidence that 
location per se in the lung has anything to do with resolution. True 
enough, the lung often clears from below upward but this presumably 
is because the apical lesions are older, more caseous and therefore less 
resolvable. On the contrary, Medlar (13) is able to change the gradient 
of resolution of experimental pulmonary tuberculosis in the rabbit merely 
by changing the animal’s habitual posture. Aschoff stresses age-rela- 
tionship, that is, the general tendency of the aging body to react “pro- 
ductively” rather than “exudatively” to any infection. He also believes 
that lesions of reinfection are less likely to be absorbed than those of 
primary infection, but in many instances this would be explained by the 
fact that the reinfection is endogenous from the eruption of the pre- 
existing focus and therefore probably synonymous with heavier doses of 
tubercle bacilli. Likewise, light seeding of bacilli may account for the 
occasional resolution of haematogenous pulmonary tuberculous lesions, 
described by Miller (14). Whether it be age, tissue hypersensitiveness 
or dosage, the clinical fact is clear that small and moderate-sized exuda- 
tive pneumonic lesions in infants tend strikingly to clear away, while in 
adolescents and adults resolution is a process of diminishing frequency 
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and prominence, and tissue destruction and ulceration come more to the 
fore. ‘The racial factor also constantly impresses the clinician, negroes 
seldom showing at any age the same tendency to resolve such lesions. 

The mechanism of removal of resolved tuberculous inflammatory 
exudate from the lung presumably may be twofold; that is, by absorption 
through circulatory channels and discharge through the bronchi. On 
the basis of the observation that, during resolution, patients often have 
little or no sputum of pulmonary origin, it seems that the former way is 
more common. Unless excavation is occurring simultaneously, patients 
rarely expectorate as copiously as they do in the resolving stage of acute 
lobar pneumonia, nor do they have bloody sputum. The difference is 
explained in part perhaps by the fact that resolution is slower in tubercu- 
losis, thus allowing time for absorption. 

The slow rate of resolution of tuberculous lesions is characteristic. 
Starting, as it does, in their peripheral parts, it may be seen roentgeno- 
graphically to proceed toward the centre with impressive rapidity for 
several weeks. Thenceforth, the change is usually slow though it may 
continue for months; and finally it stops at the barrier of the unresolvable 
caseous centre or centres. Just as the prospect of resolution varies with 
conditions mentioned above, so does its rate. Some change, intrinsic, 
close by or remote, may reveal itself in an arrest of satisfactory resolution, 
and if the disturbance is great the lesion within a few days may flame 
out anew and uncontrollably with intense perifocal inflammation. 

The question now arises to what extent our methods of treatment may 
favor or augment resolution. The number of definite but clinically harm- 
less tuberculous lesions found in human lungs suggests that partial reso- 
lution of small deposits is commonplace and dependent on inherent 
natural forces. This seems particularly true of the parenchymal lesions 
of first infection which do not often become progressive. But there is 
ample evidence on the clinical side that most neglected exudative pneu- 
monic lesions, as they appear especially in adolescents and young adults, 
keep advancing steadily or intermittently. Per contra, nothing is more 
eloquent of the effectiveness of treatment than the almost uniform play 
of some degree of resolution and subsequent clinical healing, provided 
these cases are diagnosed and treated before central caseation of the 
lesions is extensive and before collateral inflammation becomes acute 
and intense. Strict bed-rest with adequate nursing for at least two to 
three months and often longer, followed by enough “modified” rest, is a 
more powerful ally then than at any other stage of phthisis. Mildness, 
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absence or rapid disappearance of symptoms should not swerve one from 
this course, because our primary guide is the knowledge and judgment of 
the two great potentialities of the lesion—to resolve with scarring or to 
caseate with ulceration. At no other point in the disease is a physician’s 
sound wisdom and persuasive counsel of more value to the patient, if 
measured in terms of clinical recovery and capacity for normal living. 
To temporize until symptoms assert themselves unmistakably (usually 
synonymous with the development of a cavity) and then to invoke col- 
lapse therapy is a weak substitute for a system which is wiser if less 
impressive. A system of detecting and treating tuberculosis among 
young nurses in the Bellevue Hospital Training School has convinced me 
of this. Once we learn more about the intrinsic mechanism of resolution, 
it is probable that it can be influenced more directly by treatment. It 
may prove valuable to explore further the possibilities of diet therapy to 
this end. 

In the foregoing sense resolution may be predictable in a goodly per- 
centage of cases, but it is obviously almost impossible to prognosticate 
it in a single case and therefore to label a lesion as “benign” or “malig- 
nant” at the outset. A cyclone is “benign” after it has lifted over us and 
passed beyond. Any potentially destructive force, be it a cyclone or 
tuberculosis, should be confronted and treated as such. Generally, if a 
tuberculous pneumonic lesion gives rise to a fever ranging daily around 
103° or 104° and if this persists a week or more, it may be assumed that 
necrosis and caseation are progressing, and the same may be said in regard 
to longer but lower febrile periods. Contrariwise, rapid cessation of 
fever augurs well for some resolution. Other symptoms of the toxaemic 
state are less dependable for prognosticating, and none are wholly so. 
Blood-cell counts, erythrocyte sedimentation-rate estimation and other 
biological tests may help to indicate the current trend of the local patho- 
logical process, but only in this way do they have prognostic value. A 
simple but important fact to record is that the finding of tubercle bacilli 
in the sputum is almost always evidence that the lesion has undergone 
caseation, liquefaction and ulceration, the extent of which may be 
estimated by other means. 

The clinical and X-ray features of resolution have been described 
previously (1), but attention should be directed to the paradox that 
rales may become more numerous as resolution progresses. ‘This always 
leads justifiably to the suspicion that caseous centres are breaking down, 
but sometimes wrongly. The explanation of Burnand (15) that, at a 
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certain stage of resolution, the affected lung section becomes better 
aerated and rAles therefore more readily generated seems acceptable. 

Besides the tuberculous pneumonic inflammation which is the chief 
concern of this study, small formed tubercles may slowly be absorbed 
and tuberculous fibrosis may become transformed until it is no longer 
distinguishable from any other type of pulmonary fibrosis, an inference 
mentioned, for instance, by Pinner (16). 


RESIDUES REMAINING AFTER RESOLUTION 


On the basis of foregoing arguments, and for the safety of the patient, 
I reiterate that it is proper clinical practice to assume that most exudative 
pneumonic lesions contain an element of caseation (unless this has been 
discharged by excavation) and that these caseous areas, which harbor 
living tubercle bacilli, are seldom removed by the resolution process. 
Roentgenographic evidence and the frequency of development of a new 
infiltration at the site of the partly resolved previous one strongly support 
this. The fact that serial X-ray films trace a fading lesion to the point 
of invisibility is not proof of its actual vanishing. In some such instances, 
I have evidence to the contrary; namely, the reappearance at the same 
site after a lapse of five to ten years of tiny lesions in the usual form of 
tuberculous calcifications. Since caseous matter is the only part of the 
tuberculous lesion likely to become calcareous, it is reasonable to assume 
its presence during all these years in spite of its interim invisibility. Such 
occult foci may be the sources of origin or renewal of tuberculosis in an 
apparently healthy lung. Clinicians should appreciate this limitation 
of one of their best tools, the X-ray, a fault well demonstrated by Sweany 
(17) who found that only “Approximately half of the calcified parenchy- 
mal lesions may be seen on antemortem radiographs.” Likewise, Wurm 
(18) decries the practice of assuming complete healing on X-ray evidence, 
since he not infrequently found at autopsy calcareous pulmonary foci, 
0.5 to 1 mm. in diameter, which previously were missed on the film. 
What then of caseous lesions which do not have the density of calcified 
ones? Perfection of X-ray apparatus and technique will, of course, 
minimize the possibility of such error but is not likely soon to eliminate it. 

Caseous residues may heal by fibrous investment, desiccation and 
finally calcification. Clinical observation suggests that competent 
encapsulation requires a year or two and sometimes more after resolution 
has exhausted its réle. a point needing strict attention in attempting to 
guard against relapse of the disease. The smaller the caseous residue the 
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less is the likelihood of eruption after this time. The picture is modified, 
of course, by other features of the lesions and by complications in other 
parts. : 

One of my cases in particular offers proof that well encapsulated, 
calcareous and clinically arrested caseous residues may erupt and break 
down after many years (13 in this case). In this connection Wurm (18), 
Sweany (17) and others have shown that such foci may be invaded by 
connective and granulation tissue which then breaks. up and tends to 
absorb the dried and calcareous masses. This may liberate the incar- 
cerated organisms and thus do actual harm. 

In earlier studies I assumed that resolution usually leaves behind 
structurally and functionally intact lung tissue, but subsequent experi- 
ence proved that this is not entirely true. Undoubtedly there is a 
restoration in part of useful respiratory surface, but many patients, in 
whom extensive lesions have undergone striking resolution, remain per- 
manently short of breath. Some have slight persisting cyanosis and 
polycythaemia and clinical and X-ray findings of emphysema which was 
not present before. Though the tuberculosis remains healed, the 
emphysema may be progressive, leading to respiratory dysfunction which 
eventually (usually after the age of fifty) may be disabling. Another 
striking finding is the persistence of rales, usually small but sometimes 
moderately coarse and numerous, in regions where almost complete 
resolution has occurred. In some cases, these may be heard for at least 
eighteen years afterwards; they may increase in wet weather and during 
an attack of acute bronchitis. Usually the patient is free from sputum; 
if there is any it is scanty and mucoid. Haemoptyses may occur but 
such cases as a rule show marked scarring of the lung. 

To help elucidate the nature of these residues I have selected three 
cases in which autopsy studies of the lungs were made some time after 
resolution had been demonstrated, and a description of these with re- 
productions is appended. One is the case of a negro infant who, after 
exhibiting remarkable resolution of the tuberculous pulmonary lesion 
died of acute nontuberculous pericarditis; I followed him on the Pedi- 
atrics Service at Bellevue Hospital with Dr. Edith M. Lincoln. The 
second patient was under our care on the Tuberculosis Service more than 
four years before he died. The third patient was followed at intervals 
for ten years after I first helped treat her case at Loomis Sanatorium. 
She died after an operation for malignant disease at Mount Sinai Hos- 
pital, and the postmortem specimen was given to me for study by Dr. 
Paul Klemperer, pathologist of that institution. Dr. Wolfgang Greth- 
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mann has assisted with preparation of the material and has furnished the 
pathological interpretations. 

The regions in which striking resolution had been observed during life 
show many residual changes. In brief these include calcified nodules 
ranging up to a centimetre in diameter, some of these being shell-like 
with soft or chalky centres; other tubercles which are still caseous after 
ten years of the patient’s good health and still others which are well 
encapsulated but not calcified; wide areas of fibrosis consisting mainly of 
nonspecific fibrous thickening of the alveolar walls; organized alveolar 
exudate; extensive emphysema; serous exudate in some of the widened 
alveoli, particularly in areas adjacent to the old tubercles; distorted and 
compressed bronchioles filled with cells; intact tubercle bacilli in the 
caseous areas. From this evidence and from the clinical studies it is 
possible to find a rational explanation of the functional changes and 
certain clinical features persisting long after resolution. 

While somewhat restored functionally, we find the lung parenchyma, 
even in areas far removed from the remaining encapsulated tubercles, 
more or less crippled by interstitial fibrosis, reduced in surface by the 
emphysema, and aerated by thickened, distorted and narrowed bron- 
chioles. Obviously these changes interfere with oxygenation of the 
blood. The extent and severity of the structural change depends chiefly 
on the extent of the original pneumonic lesion and probably on its dura- 
tion before resolution took place. The change is irreversible; in fact, 
it is probably progressive in many cases independently of its original 
cause, thus accounting for the increasing functional impairment. The 
changes described, like any other fibrosis and emphysema, impede what 
James Alexander Miller calls the cleansing function of the lung. Water 
vapor in the alveoli may still be carried off fairly well, but the slightest 
catarrhal inflammation may find the damaged bronchioles inadequate to 
drain off the alveolar secretions, and the resulting stasis favors further 
emphysema and fibrosis. Such aggravation of the process is usually very 
slow since patients seldom suffer serious disability for many years. 

Haemoptyses in clinically healed cases have been ascribed mainly to 
posttuberculous bronchiectasis by most authors, but Pagel (19) found 
varices not only in heavily scarred lung tissue but also in the bronchioles 
and on the inner surface of widened alveoli. 

The cause and meaning of rales persisting for years after resolution has 
long intrigued clinicians. Since the early nineteen hundreds, doubt has 
grown to knowledge that such rales have no relationship to the activity 
of the tuberculous process, and various explanations have been offered by 
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many students including Léwenhjelm (20), Alexander (21), Siegfried 
(22), Riviere (23), Bruns (24), and Clifford (25). The consensus is 
that the rales are due to a nonspecific catarrh persisting about the scars 
of the old lesion. My cases clearly suggest that in distorted bronchioles 
poor drainage may lead to the accumulation of cellular and serous exu- 
date which would readily give rise to rales. But they also bring out a 
point not generally recognized; namely, that such rales may originate also 
in widened alveoli remaining after resolution. The appended reproduc- 
tions illustrate convincingly the tendency of serous exudate to accumulate 
in corners and scarred pockets where drainage would be hindered by the 
distortion and stiffening of the alveoli. The clinical finding of rales and 
their explanation do not differ greatly from the dry catarrh of Laennec 
(26) except that in these instances it is largely a nonspecific residue of a 
wholly specific lesion. 

Another effect of the residual emphysema is that suggested by Bur- 
nand (15), namely, the concealment of fibrous or caseous residues of 
resolving lesions. It must be recognized that these surrounding pockets 
of emphysema may facilitate the penetration of the X-ray and thus 
obscure significant shadows from the screen or film. 

Finally, within the limits of such observation, these cases and other 


experiences mentioned go far to bear out the soundness of Letulle’s 
statement: 


Toute atteinte portée par la moindre colonie de ces germes pathogénes (bacilles 
tuberculeux), au poumon ou a la plévre ne peut pas ne pas y laisser une trace 
ineffacable. Si minime qu’ait été l’attaque et si victorieuse la défense, une 
lésion matérielle en doit résulter, avee une cicatrice indélébile.* 


CONCLUSIONS 


1. Long clinical studies are needed to learn the implications of the 
resolution process in pulmonary tuberculosis. 

2. Lesions which resolve are mainly the exudative pneumonic type of 
lobular or lobar extent. They usually develop caseous centres. The 
lesions are described. 

3. Resolving nontuberculous lesions which may be confusing in diag- 
nosis are mainly the acute and subacute pneumonias, including sup- 
purative pneumonia, infarcts and changes secondary to bronchial stenosis. 


2 Any part affected by the smallest colonies of these pathogenic germs (tubercle bacilli), 
whether the lung or the pleura, cannot escape leaving an ineffaceable trace. However light 
has been the attack, and however victorious the defense, a material lesion is bound to end 
with an indelible scar. 
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. Resolution affects noncaseous inflammatory exudates, but does 
influence caseous deposits of significant size. 
5. Tuberculous exudate in the alveoli which does not resolve or case- 
may become organized. 
.. Many specific and nonspecific factors favor or hinder resolution; 
me of these are discussed. 
*. Resolved tuberculous exudates are removed from the lung by 
sorption or discharge through the bronchi, more often the former. 
s. The slow rate of resolution of tuberculosis is characteristic. 
9. Resolution of early pneumonic lesions can definitely be favored by 
yper treatment, which should include a preliminary two or three 
mths or more of bed rest. 
10. Resolution may be predicted roughly in a group of cases of certain 
pe but not in single cases; no tuberculosis can be called “benign” until 
it has passed into innocuous obsolescence and, better, not then. 
11. Rales may increase during resolution due to better aeration of the 
alveoli; the X-ray is the best method of tracing the process. 
12. All cases with pneumonic lesions (lobular or lobar) should be 
treated on the assumption that the centres have become caseous. 
13. Small caseous lesions may persist even though invisible on the 
X-ray film. 


14. Caseous residues require a year or more for dependable healing by 
fibrous encapsulation. 

15. Even calcified caseous residues may erupt after many years of 
quiescence, but this is infrequent. 

16. Besides caseous residues, resolution leaves behind structural 
damage, including interstitial fibrosis, alveolar emphysema and damaged 
bronchioles. 


17. The emphysema may be progressive, independently of the tubercu- 
osis, and lead to functional respiratory disability in later years. 
18. Rales, unrelated directly to the tuberculosis, may persist for many 
years in lungs in which resolution has occurred. They represent a type 
' dry catarrh, due to the accumulation of secretions in alveoli and 
ronchioles damaged by scarring. 


CASE RECORDS 


.IV.: Male, negro, born September 26, 1929. Admitted to Pediatrics Service 
Dr. Charles Hendee Smith, April 9, 1932. Reported to have been in contact 
th a relative who had pulmonary tuberculosis. Eight months ago he had 
da cough but the discovery of his disease was accidental. On admission, he 
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was well nourished and temperature was normal. The superficial lymph nodes 
in the cervical, axillary, epitrochlear and inguinal regions were enlarged, dis 
crete and not tender. Occasional rhonchi were heard in both lungs. Th. 
spleen was felt several fingers’ breadth below the costal margin. The Mantou) 
test, 0.01 mgm. O.T., was positive. The roentgenogram (figure 1) showe 

numerous miliary nodular shadows throughout both lung fields and widenin; 
of the superior mediastinum especially on the right. The admission diagnosi 

was generalized miliary tuberculosis and generalized tuberculous lymphadenitis 
including involvement of the tracheobronchial and paratracheal nodes. 0) 

April 26 a few tuberculides were detected on the extremities and on May 1! 
still more appeared. From May 24 to 31, he had fever to 101° and becam: 
apathetic. Numerous rales were heard in both lungs, and signs of dulness an: 

diminished tubular breath-sounds appeared suddenly in the left uppe: 
lobe. There was some stiffness of the neck at this time. A roentgenogran 

(figure 2) showed the density of solidification in the upper half of the left lung 

By May 31 the constitutional symptoms had subsided, but on physical and X 

ray examination (figure 3), signs of consolidation persisted. Atelectasis caused 
by pressure of enlarged nodes on the left upper-lobe bronchus was thought of, 
but bronchoscopy on June 15 showed no evidence of such pressure. The 
general condition varied with occasional slight fever, and three new groups oi 
tuberculides appeared on various parts of the skin, chiefly the extremities, 
June 20 and 28, and July 1 (thirty to forty new ones on this last date). By 
July 15, signs of consolidation began to clear and both physical and X-ray 
examinations showed slow and continuous resolution during the next six months. 
By August, 1933, the roentgenogram (figure 4) showed a remarkable change in 
the lungs with nodular and stellate densities, presumably indicating residual 
scars and some caseous deposits. The lymphadenitis is still apparent, espe- 
cially on the right. New tuberculides appeared occasionally until April, 1933, 
and then gradually cleared up. The size of the spleen and liver diminished but 
the spleen could still be palpated June 19, 1933, when an X-ray of the abdomen 
showed the calcified nodules in this organ. On November 23 the patient be- 
came acutely ill with high fever, which was found to be due to acute nontuber- 
culous pericarditis, and patient died from this four days later. 

Autopsy (Dr. Grethmann): Revealed a calcified tuberculous primary focus in 
the right lower lobe with calcified bronchopulmonary and tracheobronchial 
lymph nodes; partly calcified and caseous right paratracheal lymph nodes, with 
ulceration into the right upper lobe which showed also a small cavity and tu- 
berculous aspiration lobular pneumonia. Chronic haematogenous tuberculosis 
of the lungs, liver, spleen, kidneys and meninges in different stages of pro- 
gression and regression with tubercle formation, fibrosis and calcification. 
Collateral emphysema in both lungs. Calcified and caseous tuberculosis of the 
deep right cervical, mesenteric and retroperitoneal lymph nodes. Chronic 
adhesive pleuritis, pericarditis, peritonitis, perisplenitis and meningitis. 
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Discussion 


This case is presented to demonstrate remarkable resolution of exuda- 
ive pneumonic tuberculosis in an infant. Such striking resolution is 
ather exceptional at any age but is seen somewhat more commonly in 
infants, especially white infants. Aside from other obvious residues, 
\ttention is directed to the persisting densities in the left lung in the last 
oentgenogram (figure 4); cross-sections of this lung are shown in figures 
5 and 6 to demonstrate the nature of these residues. Rather marked 
strands of fibrosis are seen radiating through the left upper lobe and 
stellate scars are shown (sc and sc 1). Close examination of scar sc / 
shows the small white central deposits which are caseous. Such central 
caseations may be responsible for the original intense collateral inflam- 
mation, and usually persist with their surrounding scars after resolution, 
no matter how striking this may be. Such caseous residues are usually 
rich in tubercle bacilli, and later may erupt and account for the develop- 
ment of progressive pulmonary tuberculosis. In figure 5, the area em 
shows very large emphysematous spaces surrounding the scar (parafokal 
Hohiriume). In the same region the specimen showed distorted bron- 
chioles. In these emphysematous pockets and distorted bronchioles, 
varicose blood vessels may later develop and lead to haemoptysis. Like- 
wise, in such spaces the catarrhal secretions may accumulate and give 
rise to rales persisting indefinitely. 


L. V.: White man, aged twenty-seven. Admitted to Tuberculosis Service of 
Bellevue Hospital, May 2, 1929. The examination (figure 7) showed tubercu- 
losis of a predominantly lobular pneumonic type involving the upper half of 
the right lung and most of the left; a round cavity between the first rib and 
second interspace on the right and several small indefinite ones in the first 
interspace laterally on the left. The patient’s sputum contained tubercle 
bacilli. He was markedly underweight but had no fever. He left the hos- 
pital, August, 1929, and spent the next year in a sanatorium and health-resort. 
He returned December 14, 1930, with increasing cough and expectoration and 
history of haemoptysis two months previously. It was found at this time that 
there had been considerable resolution of the lesions in the right lung, but there 
was progressive excavation in the left upper lobe. Left artificial pneumothorax 
was induced, and, later, because of the development of an active serofibrinous 
pleurisy on this side, oleothorax. The general condition improved strikingly 
ind by the end of 1931 (figure 8), resolution of the pneumonic deposits on the 
right was striking, but a small residual cavity was still apparent at the level of 
the first rib and a few nodular deposits below this, presumably representing 
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caseous residues. During the next one and a half years, the patient developed 
empyema on the left with bronchopleural fistula, and thoracotomy wih 
drainage was performed. The cavity in the right upper lobe reopened, asd 
new aspiration foci of tuberculous lobular pneumonia appeared below tl 
In spite of this, the older caseous residues increased in density to the po. 
where they seemed to be calcified (figure 9). Symptoms of tubercul: is 
enteritis also developed, and the patient died on June 17, 1933. 

Autopsy: The anatomical diagnosis is summarized as follows: Prima, ): 
Chronic productive and ulcerative tuberculosis of apices of lungs with bronc! 
genic spread into all other lobes. Left tuberculous empyema. Gene 
Heart: Brown atrophy; coronary sclerosis; serofibrinous pericarditis; peric:r 
diopleural adhesions. Lungs: Atelectasisof left lung; bilateral chronicadhesive 
pleuritis; cylindrical bronchiectasis. Liver: Chronic passive congestion; 
chronic cholecystitis; cholelithiasis. Spleen: Congestion and fibrosis. K»d- 
neys: Mild arteriolar nephrosclerosis; parenchymatous degeneration; conges- 
tion. Testicles: Maldescent; atrophy. Gastrointestinal tract: Chronic pro- 
ductive and ulcerative tuberculosis of terminal ileum and caecum. 


Discussion 


Clinically this case is an example of resolution of lobular pneumonic 
tuberculosis of the right lung, to be followed later by a renewal of the 
same type of lesion. Here again is demonstrated the residues which 
persist after resolution. The illustrations (figures 10, 11 & 12) are from 
cross-sections of the right lung. Figure 10 shows foci of various sizes and 
in various stages of calcification, representing the residues of the resolved 
lesions shown in the X-ray series. The largest calcified nodule is shell- 
like and chalky in its centre. Striking emphysema, particularly in the 
upper lobe, is typical of that which persists and may be progressive 
independently of the tuberculous process after resolution. The sections 
show marked fibrous thickening of the interalveolar septa in these regions. 
Typical fresh lobular pneumonic lesions, presumably resulting from the 
aspiration of infectious material from the upper lobe cavity, (cav) are 
shown in various stages of development. In figure 11 the calcification 
(ca) forms a cast of a small bronchus at its division point and represents 
the site of a caseous bronchitis. This demonstrates convincingly that 
tuberculous bronchogenic lesions as well as those of haematogenous and 
lymphogenous origin may calcify. Figure 12 (c) indicates a small caseous 
residue, and the emphysema is particularly marked in this vicinity. 
Grethmann believes that the stasis of secretion in the alveoli at the height 
of the pneumonic process is largely responsible for this emphysema whic’: 
persists after resolution. 
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K.: White Jewish woman, aged twenty-four, admitted to Loomis Sana- 
ium on April 17, 1922, with tuberculosis chiefly of a lobular pneumonic type, 
olving the upper half of the right lung; few very small areas of infiltration 
re also present near the left hilum; small cavity in the right first interspace 
sure 13). The patient had no fever. The sputum averaged from 5 to 16 
1, a day and contained tubercle bacilli. During the next three and one-half 
nths, the general condition improved and the roentgenogram of July 10 
sure 14) showed beginning resolution on the right, but the cavity in the first 
erspace definitely increased in size. On August 23, the patient had an 
icerbation of fever with a bronchogenic spread of a new lesion of lobular- 
»neumonic type in the left lung; this is well shown in the next X-ray (figure 15). 
the meantime, resolution continued on the right and the cavity started to 
minish in size. The patient was kept strictly in bed during the subsequent 
three months. The sputum disappeared or was negative for tubercle bacilli 
alter September 22, except in January and in April, 1923, when a few organisms 
refound. The patient left the sanatorium, a year and one-half after the time 
of admission as an apparently arrested case, and led a normal life without any 
further symptoms referable to her tuberculosis for the next nine years. During 
this interval she had various physical and X-ray examinations and tests of her 
sputum to confirm the continued arrestment of the disease. The roentgeno- 
grams (figures 16, 17, & 18) demonstrate the remarkable resolution of the lesions 
in both lungs. The right upper-lobe cavity, which was still apparent in figure 
16, was no longer demonstrable four and one-half months jater (figure 17) or 
afterward. The lesion in the left lung shows progressive clearing, but figure 
18 still demonstrates the cluster of residual nodular densities between the sec- 
ond and fourth anterior ribs and also a few below this. These take on the 
density of calcification which is still apparent in the last roentgenogram (figure 
19). The newly developed large round density in the left lung, shown in this 
figure, increased progressively in size after it was first detected, May 25, 1932, 
when the patient had fever of 101° for three days. This was finally diagnosed 
as a malignant tumor possibly of primary origin in the lung since no lesion 
could be demonstrated elsewhere in the body. ‘The left lung was resected by 
Dr. Howard Lilienthal at Mount Sinai Hospital on January 28, 1933, and the 
patient died four days later with acute bronchopneumonia in the right lung. 
luring the patient’s original illness and throughout the remainder of her life, 
small rales were heard at intervals in the upper third of the right lung. 
Autopsy and examination of the resected left lung: Diagnosis: Sarcoma of 
te uterus (intramural, anterior wall); metastatic sarcoma of left upper lobe; 
ronic fibrocaseous tuberculosis with healing cavity; pulmonary oedema. 


4 


Discussion 


This case is reported by Dr. Howard Lilienthal from the surgical view- 
int in the Journal of Thoracic Surgery, 1933, ii, 1. His report gives the 
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details of Dr. Klemperer’s autopsy record. The following comment is 
based on the features of the case which are related to the resolution 
process: 

A prominent feature of the case is the enlargement and subsequent 
disappearance of the cavity in the right upper lobe, in so far as clinical 
and roentgenographic examination goes. In spite of this, an olive-sized 
cavity, apparently closed off from the bronchi, indicated by cav in figure 
20, and another smaller one were still present in this region; the larger 
cavity was filled with fluid rich in cholesterin crystals, and its wall showed 
typical tuberculous changes, some of them caseous. 

The other features of striking interest in the case are the marked 
resolution on the right and the persistence of caseous and calcified 
residues after resolution of the lesion on the left which is of a definite age 
(approximately ten and one-half years). During this time it must be 
remembered that the patient was well so far as the tuberculosis was 
concerned. The photograph of the right lung (figure 20) shows how 
complete was the resolution, aside from the cavity. Nevertheless, this 
lung shows a number of small caseous residues in various stages of calcifi- 
cation (ca). The section from the apex of the right lower lobe (figure 21) 
shows a persisting uncalcified but well-encapsulated caseous focus (cas) of 
bronchogenic origin. It was easy to demonstrate intact tubercle bacilli 
in these residual foci. The section from the right lower lobe (figure 21) 
shows grossly the emphysema, even at considerable distance from the 
central caseous focus. Figure 23 is a microscopic section from the apex 
of the right lung showing in detail the character of the emphysema and 
of the fibrous thickening of the interalveolar septa at a point where 
resolution occurred practically completely. Figure 24 is another section 
from the right lung showing dense organization of tissue between two 
encapsulated and calcified tubercles (tub); in the midst of this organiza- 
tion is a partially collapsed bronchiole (B) partly filled with cellular 
detritus. The cross section from the left upper lobe (Fig. 22) shows a 
part of the metastatic tumor, as well as the character of the residues (ca) 
which were apparent in the X-rays. Figures 25, 26 & 27 are microscopic 
sections showing the character of the residual tubercles in the left lung, 
with an enlarged detail of the wall of each of these. Figure 25 shows a 
tubercle beneath the pleura (1). This is heavily calcified, except just 
beneath the pleura where at one time it apparently erupted its capsule 
with a local spread of the lesion. In the corner adjacent to this tubercle, 
the enlarged section shows accumulation of serous exudate in the dilated 
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alveoli. This presumably is of a nonspecific character and has no rela- 
tion directly to the tuberculous process. Figure 26 shows a tubercle 
which is obsolete but not calcified. Surrounding this there is dense 
thickening of the alveolar walls, marked emphysema, and the enlarged 
section shows organization of unresolved alveolar exudate (or). Here 
again is demonstrated the accumulation of serous fluid (ser) in the dilated 
parafocal spaces. Figure 27 shows a tubercle which is even less well 
healed, the enlarged section demonstrating a giant cell, and other elements 
of tuberculous granulation tissue characteristic of a process which is not 
quiescent. The thickening of the surrounding parenchyma is striking. 

This demonstration provides a graphic basis for the explanation of the 
persistence of rales in areas in which resolution has occurred. The exu- 
date shown in the spaces in figures 25 and 26 hardly need further elucida- 
tion for this purpose. Likewise, as exemplified in figure 24, one can 
readily understand why distorted bronchioles would be inadequate to 
drain serous and cellular accumulations from the lung, and this also could 
very likely lead to the production of rales. The emphysema and fibrosis 
persisting after resolution and shown in this and the other cases can be 
visualized as interfering with proper oxygenation of the blood and as 
becoming progressive because of the stasis and inadequate elimination of 
nontuberculous catarrhal inflammatory products. Such changes, if 
extensive, would account for the respiratory disability suffered by some 
patients in later years. Finally, this case, as well as the others, demon- 
strates the wisdom of considering resolution only a part and an initial 
phase of the healing process, no matter how striking it may be. Caseous 
residues containing tubercle bacilli are shown to persist even after ten 
years. Some of these are even invisible by X-ray. Their eruption may 
easily lead to a renewal of the active tuberculous process. 
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THE RELATIONS BETWEEN TUBERCULOMATA OF THE 
CENTRAL NERVOUS SYSTEM AND TUBERCULOUS 
CHANGES IN OTHER ORGANS! 


R. H. JAFFE anp A. SCHULTZ 


INTRODUCTION 


In the literature on tuberculoma of the central nervous system, little 
attention has so far been paid to the pathogenetic relations between the 
tuberculous lesions in the brain and spinal cord and the tuberculous 
changes in other organs. Describing their cases, the majority of authors 
present only brief summaries of the anatomical findings outside the 
central nervous system, without attempting to correlate the different 
tuberculous processes with one another. It is, for instance, not sufficient 
to state that a patient with tuberculoma of the brain has also an ulcer- 
ative tuberculosis of the lungs, since it makes a great difference whether 
the tuberculosis of the lungs is older than the lesion of the brain and has 
apparently served as the source of the haematogenous infection of the 
latter or whether the process in the lungs has started simultaneously with 
or subsequently to the involvement of the brain, both representing 
haematogenous metastases of an extrapulmonary tuberculosis. In 
recent years, one has learned to distinguish anatomically and clinically 
the haematogenous tuberculosis of the lungs from the isolated pulmonary 
phthisis. According to current conceptions, tuberculomata of the brain 
and spinal cord can be readily distinguished, during life, from neoplasms 
of these organs because the clinical manifestations of tuberculous lesions 
of the central nervous system are usually overshadowed by those caused 
by the tuberculosis of the other organs. Experienced pathologists, 
however, have emphasized that in some cases of tuberculoma of the 
central nervous system the tuberculous changes outside the brain and 
spinal cord are too insignificant to be recognized during life (Huebsch- 
mann, Kaufmann). One has also to keep in mind that a neoplasm of the 
central nervous system may be associated with a progressive tuberculosis 
of other organs. Thus, in the case of a glioblastoma of the right caudate 
nucleus of a colored male, aged 32 years, we observed a productive case- 


1 From the Department of Pathology of the Cook County Hospital, Chicago, Illinois. 
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ous tuberculosis of the peritoneum, an encapsulated tuberculous em- 
pyema of the left pleural cavity and miliary tuberculosis of the lungs, 
liver, spleen and kidneys. 

Except for the rare instances in which a tuberculoma of the central 
nervous system develops secondarily to a tuberculous caries of an adja- 
cent bone or to a tuberculoma of the dura mater, the tuberculomata of 
the brain and spinal cord are haematogenous in origin. The haematog- 
enous infection of the central nervous system may be part of a general- 
izing tuberculosis, which either follows immediately the primary lesion 
or results from the exacerbation of a chronic extrapulmonary tuberculosis 
or from the haematogenous dissemination of pulmonary phthisis. The 
tuberculoma of the central nervous system may also be the only haema- 
togenous focus of a silent tuberculosis of the lymph-nodes representing 
the third stage of Ranke’s classification, namely, the isolated, progressing 
tuberculosis of a single organ. 

The present study attempts to correlate, in a series of cases of tubercu- 
loma of the central nervous system, the changes in the central nervous 
system with the tuberculosis of the other organs. The changes in the 
brain or spinal cord will be discussed only briefly, since much has been 
written about this subject and nothing essentially new can be added. 


FREQUENCY 


In this paper only these lesions have been considered which answer to 
the classical definition of conglomerate tubercle, and the miliary tubercles 
which may be encountered in the brain and spinal cord in acute miliary 
tuberculosis have been omitted. On microscopic examination these 
conglomerate tubercles of the central nervous system often reveal 
evidences of acute exacerbation, which account for the frequent compli- 
cation with the tuberculous leptomeningitis and which consist of young 
epithelioid-cell tubercles that break through the capsule of fibrosed 
granulation tissue and appear also in the surrounding nervous tissue. 
In the cases complicated by tuberculous meningitis, there is also often a 
marked perifocal reaction in the form of an oedematous loosening of the 
surrounding nervous tissue with activation of the glial elements and the 
adventitial cells. It is this perifocal reaction which accounts for the 
fact that tuberculomata can be easily shelled out of the brain. 

In 7,000 consecutive autopsies 49 cases of tuberculoma of the central 
nervous system were encountered, in 48 of which the brain and in one of 
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which the spinal cord was the site of the lesions. Among these 7,000 
autopsies there were 1,039 cases of active tuberculosis, in 771 of which the 
tuberculosis was the main disease. There were 252 cases of tuberculous 
leptomeningitis. The brain was examined in about 2,300 cases. Thus 
the incidence of tuberculoma of the central nervous system is 0.7 per cent 
of all autopsies and 2.1 per cent of the autopsies in which the brain was 
examined. These figures are very similar to those which Garland and 
Armitage reported from Leeds in England, but are considerably higher 
than in most of the statistics from continental Europe. Compared with 
the 49 cases of tuberculoma there were only 65 cases of primary neoplasms 
of the central nervous system. One case is of particular interest since it 
illustrates the rare combination of a tuberculoma of the brain with an 
intracranial neoplasm. The autopsy of the 37-year-old, colored male 
revealed a 3 x 4 x 3.5 cm. cholesteatoma, which was located between the 
inferior aspect of the cerebellum and the medulla oblongata. In the 
posterior third of the corpus callosum there was a tuberculoma measuring 
8mm.in diameter. There was also a tuberculous leptomeningitis and an 
advanced ulcerative tuberculosis of both lungs. 


AGE 


In spite of several reports to the contrary the opinion still prevails 
that tuberculomata of the central nervous system occur most frequently 
in the first decade of life. In his book on the pathology of tuberculosis 
Huebschmann states that the curve of incidence of tuberculoma of the 
brain falls sharply after the first years of life. In Garland and Armitage’s 
material 68.5 per cent of the patients were under 20 years of age. Scott 
and Graves compiled the age of 646 cases reported in the literature and 
found an incidence of 49.5 per cent before the age of 10. Of Zappert’s 
62 cases, 23 were younger than two years. Redlich reports that he has 
not seen a single case above 40 years of age. Andersen, however, gives 
the average age of his cases as 31.8 years, and Lewison, Freilich and 
Ragins as 22.7 years. Of Ferris’s 9 cases, four were in adults and, of 
Schidlowski’s 10 cases, 7 were over 20 years of age. In table 1 our cases 
are arranged according to age, sex and race. This table shows that in 
the white race the majority of the cases were above 20 years of age, while 
in the colored race there was a slight predominance of the age-groups 
below 20. 
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TABLE 1 


WHITES 


4 


Chinese: One female, aged 9 years. 
Mexican: Two females, aged 3 and 4 years. 


RACE AND SEX 


It has already been pointed out that in our material the incidence of 


tuberculoma of the central nervous system is very high as compared with 
most of the other statistics. This high incidence can be explained by the 
relatively large number of autopsies on colored people. Pinner and 
Kasper, whose study is partially based upon the material of our institu- 
tion, have shown that in the colored race there is a much greater tendency 
to haematogenous and lymphatic spread of the tuberculosis than in the 
white race. Of the 4 cases which Scott and Graves reported three were 
in Negroes and of Ferris’s 9 cases four were in Negroes. Lewison, Freilich 
and Ragins collected the tuberculomata of the brain which were observed 
at autopsy at the Cook County Hospital between 1917 and 1927. There 
were 757 autopsies on patients who had died from tuberculosis, and 
among them 20 revealed tuberculomata of the brain. There were only 
two cases of tuberculoma of the brain in white people while 16 were 
encountered in Negroes. The remaining two were in Mexicans. Since 
the number of tuberculomata is of no value if they are not related to the 
total number of autopsies in each sex and race, we have compiled the 
percentage of tuberculomata of the central nervous system for each sex 
and race separately. 
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Males Females Total Males | Females Total : 

0-1 1 0 1 0 

1-2 0 1 4 1 

3-4 0 0 2 1 0 19 ’ 

5-10 0 1) 5 1 
11-20 0 0 6 0 
21-30 1 1 5 2 
31-40 4 1 4 1 

41-50 0 1 9 0 1 16 : 

51-60 1 0 2 0 ‘ 

61-70 0 0 1 0 
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TABLE 2 


NUMBER OF NUMBER OF 


AUTOPSIES TUBERCULOMATA PERCENTAGE 


2,804 0.24 
1,337 0.29 
1,698 1.70 
1,161 0.51 


Table 2 shows that in colored males tuberculomata of the central 
nervous system are seven times as common as in white males. In the 
female sex the difference is less striking and there is practically no differ- 
ence between the white males and females. 


NUMBER AND TOPOGRAPHIC DISTRIBUTION 


In a careful search of the literature, Scott and Graves found 475 cases 
with solitary and 254 cases with multiple tuberculomata of the brain. 
Lewison, Freilich and Ragins report that over half of the tuberculomata 
of their cases were single. According to Huebschmann the majority of 
the cases had a single tubercle, while Kaufmann states that, as a rule, 
tuberculomata of the brain are multiple. Ernst gives the frequency of 
multiple tuberculomata of the brain as 25 per cent. In Garland and 
Armitage’s material 41 tuberculomata of the brain were single and 48 
multiple. In our material 58 per cent of the cases showed a single 
tuberculoma. The multiplicity of the tuberculomata will be taken up 
again in the discussion of the relation between tuberculomata of the 
central nervous system and the tuberculous changes of the other organs. 

The majority of the authors stress the predilection of the cerebellum 
for tuberculoma. In our series of cases this was not evident since only 
26 per cent of the tuberculomata were found in the cerebellum, while 45 
per cent were located in the cerebral hemispheres and 20 per cent in the 
central ganglia. The rest of the tuberculomata were located in the 
corpus callosum and pons. 


ASSOCIATION WITH TUBERCULOUS LEPTOMENINGITIS 


The average incidence of the complication of the tuberculomata of the 
brain with a tuberculous leptomengitis has been given as 75 percent. In 
our material the incidence is lower, namely, 63 per cent. The conception 
of Rich on the pathogenesis of tuberculous meningitis will not be discussed 
in this paper since it forms the subject of a separate study. 
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ASSOCIATED TUBERCULOUS CHANGES OUTSIDE THE CENTRAL 
NERVOUS SYSTEM 


In discussing tuberculous changes outside the central nervous system, 
we have deemed it advisable to distinguish between the cases in which 
the tuberculomata of the brain formed part of a generalizing tuberculosis 
and the cases in which there were only isolated haematogenous foci. 
The generalization may occur either early in the course of the tuberculous 
disease while the primary complex is still in full bloom (early generaliza- 
tion, Huebschmann, Pagel, Uehlinger, e¢ al.), or it may be separated 
from the stage of the primary complex by a period of apparent somno- 
lence of the infection which may last for many years (late generalization). 
The late generalization may result from the exacerbation of a quiescent 
lymph-node component of the primary lesion (endoglandular exacerba- 
tion of Ghon) or it may follow an isolated tuberculosis of the lungs or any 
other organ (for instance, of the genital tract). In the group of isolated 
haematogenous foci there are cases in which the lesion of the central 
nervous system presents itself as the only active tuberculous process in 
the body. In other cases the isolated haematogenous foci are related 
to a pulmonary phthisis or to a tuberculosis of the lymph nodes or of 
other organs. 

In fifteen of our cases of tuberculoma of the brain an “early generaliza- 
tion” was encountered. This generalization, as a rule, was prolonged, 
that is, that, in addition to the recent diffuse miliary tuberculosis, there 
were, in certain organs, such as the brain, spleen, thyroid, etc., older 
conglomerate tubercles which had preceded the final massive dissemina- 
tion for weeks or even months. In three of the cases there was also a 
spread of the tuberculosis in the lungs by aspiration from an ulcerated 
primary lesion (primary cavity). The age of the patients with early 
generalization varied between 8 months and 9 years and averaged 3.4 
years. Nine of the cases had a tuberculous meningitis and in six of the 
cases the tuberculomata were multiple. 

Nine cases of “late generalization” and tuberculoma of the brain were 
associated with an advanced pulmonary tuberculosis. In eight of these 
cases the tuberculomata of the brain were the only older haematogenous 
foci, while one case showed also a caseous tuberculosis of the tubes, 
ovaries and uterus. The age of the patients of this group was between 
16 and 41 years, with an average of 30.7 years. In 6 cases a tuberculous 
meningitis was present and multiple tuberculomata were found five 
times. In 5 cases of late generalization and tuberculoma of the brain, 
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the haematogenous dissemination could be traced to the endoglandular 
exacerbation of a silent tuberculous focus in a thoracic or abdominal lymph 
node. Three cases showed, in addition to the tuberculomata of the brain, 
older conglomerate tubercles in other organs, namely in the adrenals 
twice and in the thyroid and lungs once. The patients’ age varied 
between 20 and 56 years, and averaged 35.6 years. . Four cases revealed 
a tuberculous meningitis and three showed multiple tuberculomata of the 
brain. 

In the case of a white man, 38 years of age, with multiple tubercu- 
lomata of the brain and tuberculous meningitis, the late generalization 
had apparently taken its origin from a large tuberculous abscess of the 
prostate. Older haematogenous foci were also found in the left adrenal, 
both kidneys and the lungs. The changes of the lungs consisted of small 
fibrocaseous nodules that were surrounded by a fine net of scar-tissue. 
According to Schuermann and Pagel, this type of pulmonary lesion is 
characteristic of haematogenous origin. A colored male, 28 years of age, 
showed, at autopsy, a solitary tubercle of the brain, a tuberculous menin- 
gitis, an acute miliary tuberculosis, a tuberculous caries of the cervical 
spine and a caseous tuberculosis of the genital tract. 

While in the preceding cases of tuberculoma of the brain an acute 
miliary tuberculosis was observed at autopsy the cases of the next group 
disclosed only isolated, older haematogenous foci, which were restricted to 
the brain or to the brain and a few other organs. This group contains 8 
cases of isolated ulcerative tuberculosis of the lungs, the anatomical picture 
of which clearly indicated that it had preceded the formation of the 
tuberculomata of the brain. The age of the patients varied between 6 
and 58 years, with an average of 31.6 years. There were only 4 cases 
with tuberculous meningitis in this group. Multiple tuberculomata of 
the brain were found four times. 

In this connection the case of tuberculoma of the spinal cord may be 
discussed briefly. The patient was a white man, aged 45 years, whose 
condition had been diagnosed during life as metastatic tumor of the spinal 
cord. At autopsy there was found an acinose-nodose tuberculosis of 
both upper pulmonary lobes, a recent acinose tuberculosis of both lower 
pulmonary lobes, multiple tuberculous ulcers of the ileum and caecum, a 
productive caseous pericarditis and peritonitis, conglomerate tubercles 
of the prostate and more recent tubercles in the left kidney. The tuber- 
culoma was located in the middorsal portion and had caused a marked 
ascending and descending degeneration of the spinal cord. The lepto- 
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meninges were slightly thickened, but free from diffuse tuberculous 
changes. Weare inclined to consider the tuberculoma of the spinal cord 
as secondary to the distinctly older pulmonary tuberculosis. Tubercu- 
lomata of the spinal cord are much less common than tuberculomata of 
the brain. Similar to our experience Uehlinger observed only one case 
compared to 50 cases of tuberculoma of the brain. Schidlowski assumes 
that tuberculoma of the spinal cord is nine times less common than 
tuberculoma of the brain. Thalhimer and Hassin, who described a 
tuberculoma of the upper dorsal cord which was associated with a 
bilateral tuberculous psoas abscess, collected 56 cases from the literature. 
Of the 48 cases of which the age was given, 70 per cent were over 20 years 
of age. There were 18 cases of generalized tuberculosis, 16 cases of 
isolated pulmonary tuberculosis, 3 cases of tuberculous caries of the bones 
and 2 cases in which the lesion of the spinal cord seemed to have been the 
only active tuberculous focus. Tuberculous meningitis was found ten 
times. 

In 7 cases of isolated, haematogenous tuberculomata without general- 
ization the autoptic findings suggested that a tuberculosis of the lymph 
nodes had been responsible for the invasion of the blood stream. At the 
time of the patient’s death the changes in the lymph nodes were some- 
times so insignificant that they required careful search, and, compared 
to the lesion of the brain, the tuberculous process in the lymph nodes was 
of little activity or absolutely dormant. ‘These are the cases in which 
one is justified to speak of an isolated tuberculosis of the brain and which 
are usually mistaken for a neoplasm. The primary lesion of the lung 
presents itself as a calcified or petrified nodule, and in the tributary lymph 
nodes there are calcified or fibrocaseous nodules without evidences of 
progression of the tuberculosis. One of the cases showed a haematoge- 
nous tuberculosis of the lung, which was undoubtedly more recent than 
the tuberculoma of the brain. The haematogenous lesion of the lung 
consisted of a thin-walled, punched-out cavity of the infraclavicular 
region of the right upper pulmonary lobe with a peripheral, very recent, 
exudative spread by aspiration. Two cases revealed, besides the changes 
in the brain, a tuberculous salpingitis. How easily the changes in the 
lymph nodes can be overlooked is illustrated by a case which was re- 
ported by Montgomery. He describes that macroscopically no tubercu- 
lous changes were found outside the brain, but that microscopically recent 
miliary tubercles were observed in both lower pulmonary lobes and the 
liver. Kaufmann quotes the case of a woman, aged 51 years. The 
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autoptic findings consisted of a tuberculoma of the cerebellum, an old 
apical scar of the lung and a calcified bronchial lymph node. The age 
of our patients belonging in this group varied between 6 and 65 years, 
with an average age of 26 years. Tuberculous meningitis was present in 
5 cases and multiple tuberculomata in one case. 

In one of the remaining cases, a colored man, 29 years of age, the 
tuberculoma of the brain was apparently secondary to a bilateral caseous 
tuberculosis of the adrenals with invasion of the suprarenal veins. In 
the lungs there were a few apical, fibrocaseous nodules of the type which 
has been described by Aschoff and Puhl, and which some authors consider 
to be haematogenous in origin (Pagel and others). There was also a 
tuberculoma of the dura mater. The patient died from a tuberculous 
meningitis. In the last case, that of a white man, aged 29 years, the 
multiple tuberculomata of the brain seemed to have been preceded by an 
ulcerative tuberculosis of the left kidney. There was also a caseous 
tuberculosis of the left ureter, seminal vesicle and epididymis and an 
encapsulated conglomerate tubercle in the left adrenal. The lungs 
contained a few apical, fibrocaseous nodules similar to those of the 
preceding case and single, recent miliary tubercles. The brain revealed 
5 conglomerate tubercles and a tuberculous meningitis. 


DIAGNOSIS 


According to Garland and Armitage two-thirds of the cases of tuber- 
culoma of the brain develop symptoms only when the infection spreads 
to the meninges. These authors experienced 12 correct diagnoses among 
89 cases. Andersen states that of his 27 cases two were diagnosed cor- 
rectly during life, and the same incidence is found in Lewison, Freilich 
and Ragins’s 20 cases. Since the majority of the tuberculomata of the 
brain do no sooner attract attention than they become complicated by a 
meningitis, it is not surprising that the incidence of tuberculomata of the 
brain is much lower in surgical material than in necropsy material. Van 
Wagenen states that among the 1,000 cases of intracranial tumors ob- 
served surgically at the Peter Bent Brigham Hospital, only fourteen 
could be definitely proved to be tuberculomata. In the necropsy mate- 
rial of Garland and Armitage, 33.8 per cent of the intracranial tumors 
were tuberculomata, a number equal to that of the gliomata. In our 
material there were only 65 primary tumors of the brain, meninges and 
spinal cord as compared to 49 tuberculomata. Eighteen per cent of our 
tuberculomata of the brain were diagnosed during life. In the remaining 
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cases the following diagnoses were made: tuberculous meningitis, 20 
times; primary tumor of the brain, twice; metastatic tumor of the brain, 
twice; brain abscess, once; miliary tuberculosis, 3 times; pulmonary 
tuberculosis, 6 times; syphilis of the central nervous system, twice; 
uraemia, lobar pneumonia, encephalitis, each once. 


SUMMARY AND CONCLUSIONS 


In 49 cases of tuberculoma of the central nervous system special atten- 
tion was paid tothe tuberculous changes outside the brain and spinal cord, 
respectively. According to these changes, the cases were divided into 
two groups, namely, one group in which the lesions of the central nervous 
system were associated with a generalizing tuberculosis, and one group 
in which only isolated haematogenous foci were found. In the latter 
group there were several cases in which the tuberculomata of the central 
nervous system were the only active tuberculous foci. In the general- 
izing form of tuberculosis an early and a late type was distinguished. 
The early generalization is directly connected with the primary lesion, 
while the late generalization is due either to the exacerbation of a tem- 
porarily quiescent lesion in a lymph node or to a progressive isolated 
tuberculosis of the lungs or any other organ. ‘The average age is lowest 
in the group of early generalization. In generalizing tuberculosis 
multiplicity of the tuberculomata is more common than in the non- 
generalizing form. In generalizing tuberculosis 50 per cent of the 
tuberculomata were multiple, while in the nongeneralizing tuberculosis 
only 29 per cent of the tuberculomata were multiple. There was prac- 
tically no difference between the two forms.of tuberculosis as far as the 
association with tuberculous meningitis is concerned. In the generalizing 
tuberculosis the incidence of meningitis was 67 per cent and in the non- 
generalizing tuberculosis it was 61 per cent. 
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SILICOSIS! 
Some Differential Diagnostic Problems 
EDGAR MAYER anp WOLFGANG GRETHMANN 


It has been computed that in the United States there are 500,000 to 
1,000,000 people employed in occupations in which a silicosis hazard 
exists. In New York City there are about 65,000 such employees. 
Yet the disease, as encountered in the general hospital, often goes un- 
recognized. Is this because clinicians are relatively unfamiliar with 
it, or because of difficulty in differentiating it from other chronic pul- 
monary diseases? 

The diagnosis of silicosis is based primarily on two findings, the history 
of occupational exposure to siliceous dust, and the presence of abnormal 
shadows on the pulmonary roentgenogram. Of value also are the 
patient’s symptoms and the physical examination, although too little 
attention is often given to these findings. 

Consider, first, the occupational history. Silicosis is due to the in- 
halation of silica dust in pure form or combined with other dusts. Only 
one silicate, that of magnesium, known as asbestos, has been proved to 
produce pulmonary fibrosis. The rate of development of the disease 
is determined by (1) dosage or total amount of silica dust particles 
entering the lungs, (2) their size and structural qualities (colloidal 
structure), (3) the functional condition of the lung as determined by 
constitutional characteristics and antecedent disease, and (4) the dust- 
filtering capacity of the nose. Sandblasters working under conditions 
of massive exposure may develop silicosis in an acute form in even a 
period of months, whereas in other occupations it may take 25 years. 
Workers in the same industry, indeed in the same room, experience 
different degrees of exposure, depending probably upon the last two 
factors cited above. Apparently only particles up to 10 micra in size 
are phagocytosed in the lung and those particles below 5 micra appear 
to be the most dangerous. 

Before a diagnosis of silicosis can be made, it is necessary to establish 

1 Presented at a session of the Clinical Section of the 31st annual meeting of the National 
Tuberculosis Association, Saranac Lake, New York, June 25, 1935. 

313 


314 EDGAR MAYER AND WOLFGANG GRETHMANN 


a definite history of exposure. Regardless of the findings, one hesitates 
to diagnose the condition when it is established with certainty that 
there has been no exposure. To obtain an accurate occupational history 
in the general hospital is often impossible. The patients are migratory, 
the conditions under which they worked are vaguely described, there 
are not available data on dust counts and silica concentration; in short, 
the most important factor in diagnosis is unknown. The occupational 
history therefore is often misleading and of doubtful value. 

Symptomatology: The silicotic patient has few complaints. Dyspnoea 
and cough are considered the usual earliest symptoms and become aggra- 
vated as the disease progresses; nevertheless, workers usually perform 
strenuous labor despite extensive disease. These symptoms of dyspnoea 
and cough are of little help in diagnosis, for they are common to many 
diseases. Fever is absent, unless infection occurs, which is also indi- 
cated by pleurisy, haemoptysis or copious sputum. Most important 
in the symptomatology is the great disproportion between the patient’s 
complaints and the abnormal X-ray shadows. In general, most pul- 
monary diseases producing such extensive shadows exhibit many more 
symptoms than does silicosis. 

Close analogy exists between the status of the subjective symptoms 
and that of the physical examination. Here again it is striking to ob- 
serve what extensive disease may be present and what few abnormal 
physical signs are elicited. The abnormal signs on physical examina- 
tion are those peculiar not to silicosis, but to a general pulmonary fibrosis 
with emphysema. The restriction of costal and diaphragmatic move- 
ment, the diminished or intensified breath-sounds and the hyperreso- 
nant note are all manifestations readily understood .when correlated 
with changes seen at necropsy. Patients with pure silicosis usually 
do not exhibit rdles; the presence of persistent rales generally indicates 
infection. The absence of rAles is more common in silicosis than in 
other pulmonary diseases of comparable extent. 

As the occupational history is often so unreliable and the physical 
examination and symptoms inconclusive, how then are we to diagnose 
silicosis? Determination of silica output and the finding of particles of 
silica in the sputum are still not generally accepted procedures, although 
these fields may promise much for the future. The diagnosis is one 
to be made really by exclusion. In the presence of a satisfactory history 
of dust-exposure together with abnormal X-ray shadows consistent with 
silicosis, a diagnosis of the disease is made when there are no clinical 
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data which otherwise explain the findings. The necessity of accurate 
occupational history and the absence of other disease cannot be too 
strongly emphasized. 

In many quarters it is believed the diagnosis can be made by a char- 
acteristic X-ray appearance. It holds true, in general, that the ab- 
normal shadows seen in the pulmonary roentgenogram of patients with 
silicosis fall into somewhat uniform groups. However, not uncommonly, 
X-rays of patients exposed to dust are seen which present shadows in 
no way suggestive of silicosis, and, on the other hand, nonsilicotic condi- 
tions occur in which X-rays are indistinguishable from those of silicosis. 
Certainly, as is generally recognized, the presence of prior infection or 
the supervention of infection will markedly alter the appearance or the 
distribution of the shadows. In this group there is particular difficulty, 
when tuberculous infection is evidenced by positive sputum, for in the 
presence of a questionable occupational history doubt exists as to the 
presence of tuberculosis or silicotuberculosis. 

Let us now briefly consider the accepted roentgenological classification 
of silicosis. 

Three essential types of abnormal shadows are described in the pul- 
monary roentgenogram of patients exposed to silica dust: (1) small 
discrete shadows, (2) linear strands, and (3) homogeneous shadows of 
varying size. ‘These are interpreted as corresponding to the pathological 
substrate in the lungs, namely, silicotic nodules, thick fibrous trunks, and 
conglomerate massive fibrosis. 

Some classify the X-ray shadows as follows: An early stage of in- 
creased root shadows with generalized increased markings associated 
with fine beading and at times with haziness over much of the lung 
field. Controversy exists as to the diagnosis of silicosis in a patient 
giving a clear-cut history of occupational exposure, whose X-ray shows 
only such exaggerated lung markings without distinct nodular forma- 
tion. Roentgenologists agree, however, that the diagnosis is justified 
when the pulmonary X-rays show (1) uniformly small dense and sharply 
outlined nodular shadows in the distribution consistent with silicosis, 
namely, in the upper two-thirds of the lung fields, perhaps more pro- 
nounced on the right side, with the lower third kept clear by emphy- 
sema; (2) in addition, conglomerate shadows of two types, one the 
characteristic “bat-wing’”’ arrangement extending into both upper lung 
fields, and the other large dense shadows radiating from the hila, leaving 
the periphery of the lung from apex to costophrenic angle clear because 
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of associated emphysema. Infection is considered to be present when 
the shadows begin to lose their sharp outline or are connected by linear 
strands or really coalesce. The cause of conglomerate shadows is open 
to much controversy, some believing they always indicate infection, 
others that they can arise without it. The distribution of silicotic lesions 
and their conglomeration may perhaps be also determined by the posture 
assumed by workers. Miners working in crouched: or other unusual 
positions have been considered to develop unusual distributions. In- 
fection subsequent to exposure may likewise determine the ultimate 
atypical distribution of the silicosis, as well demonstrated in case 3 pre- 
sented below. 

Many variants from these patterns are seen. Excessive exposure may 
produce extensive diffuse fibrosis with atypical roentgen shadows. In- 
halation of other dusts in combination with silica alters the picture. 
However, infection chiefly modifies the pathological picture and the 
X-ray. Pancoast and Pendergrass have described a variety of diseases, 
which, despite their extensive experience, they were unable to distin- 
guish from silicosis by X-ray. Even pathologists at times have diffi- 
culty, as Kettle and others have pointed out, and chemical studies 
are now more commonly used to obtain further confirmatory evidence. 
At postmortem, the ultramicroscopic and dark-field studies may add 
considerably to our knowledge by revealing the finest submicronic par- 
ticles of silica. 

The main source of our diagnostic difficulties in silicosis is the compli- 
cating compensatory overexpansion of the lung. The presence of this 
so-called compensatory emphysema is responsible, to a great extent, 
for the absence of subjective pulmonary symptoms. Emphysema 
muffles the physical signs in silicosis just as it does the signs of any other 
pulmonary process. When we come to the roentgenological features, 
it may be said that the conspicuous effect of emphysema in blotting 
out the silicotic lesions of fine or moderate size has been conclusively 
demonstrated. The nature of the roentgen phenomenon of shadow 
attenuation by emphysema which is well recognized by most of the 
outstanding roentgenologists, has not yet been definitely determined. 
The roentgen physical principles involved in this problem, especially 
in terms of scattering of radiation, are being studied now by Wilsey, 
physicist of the Kodak Laboratory. 

Here, now, are the following diagnostic problems: 
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(use 1: Mr. T. A forty-five-year-old man, admitted to the New York 
‘{ospital complaining of mild cough and expectoration of four months’ dura- 
on. He appeared acutely ill, his fever was 103° and respirations 28. RaAles 
ere elicited over the upper half of both sides of the chest. Examination of 
e eye-grounds revealed bilateral retinal tubercles; the sputum contained 
umerous acid-fast organisms. The X-ray (figure 1) disclosed fine mottled 
.adows distributed throughout both lung fields and a small cavity at the level 
the 2nd rib on the left. A diagnosis of miliary tuberculosis was made. 


Fig. 1 Fig. 2 
Fig. 1. Case 1. Fine mottled shadows throughout both lung fields; small cavity beneath 
2nd rib on left; large root shadows 
Fig. 2. Case 2. Enlarged hilar shadows, especially on the right; diffuse mottled discrete 
shadows throughout both lung fields 


However, after one week’s stay in the hospital, temperature and pulse returned 
(o normal ana during the following month the man gained 18 lbs. The abnor- 
mal signs in his chest on physical examination now became confined to the left 
pex. In view of his unusual progress and because his X-ray was consistent 
ith silicotuberculosis the diagnosis of miliary tuberculosis became doubtful. 
‘he patient’s occupational history revealed that up until three years before 
ntrance to the hospital he had worked for 20 years polishing leather on a sand- 
aper wheel. There were numerous machines in the work-room and no pre- 
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cautions were observed to clear the very dusty air. His sputum was examine:! 
through the kindness of Dr. Burke of Ray Brook who found it laden with n; 
merous doubly refractile particles, and expressed the opinion that this w: 
consistent with silicosis for he had found such numerous particles only in cas: 
of silicosis. The patient subsequently died of a tuberculous meningiti 
Retinal tubercles were demonstrated on microscopic section. The patho- 
logical report was 


Small caseous areas and a small cavity are present at the left apex. Scattered througho: 
both lungs are grey-white nodules sharply demarcated from normal lung, about 3 mm. ; 
diameter, uniform in size, firm and elevated. In some areas are conglomerations of nodul: 
Microscopically, the majority show large numbers of giant cells and varying degrees of cas: 
ation. They are assocated with a considerable amount of fibrous-tissue proliferation. 
There is no evidence in these nodules or in the hilum nodes of typical silicotic reaction. 
Tubercles are seen in the choroid, liver, spleen and kidneys. 


Case 2: Mr. R., aged 54, entered New York Hospital complaining of haemop 
tysis, dyspnoea and chest pain of two and a half years’ duration. On physica! 
examination there were rales and dulness over the upper third of the right ches: 
anteriorly. He ran a low-grade fever, but was robust and felt quite well. Th: 
chest X-ray (figure 2) disclosed enlarged hilum shadows, particularly on the 
right and diffuse mottled discrete shadows throughout both lung fields. He 
gave a history of having worked for twenty-four years as a cutter and sizer of 


asbestos-containing paper-box boards. The rooms were in a continuous cloud 
of dust. Analysis of the cardboard showed that it contained 5 per cent silica. 
Examination of the sputum revealed no doubly refractile particles. The 
haemoptysis, we felt, was to be explained on the basis of infection or neoplasm, 
but we did not know whether we were dealing with one of these processes alone 
or an associated silicosis or asbestosis. A small nodule in the neck was subse- 
quently removed and showed carcinoma. We are inclined to believe that this 
explains the whole process, but the man is still alive and-certainly, from an 
X-ray standpoint, we cannot say that there is no silicosis. One prominent 
internist believed the whole picture was consistent with bronchogenic car- 
cinoma and aspiration tuberculosis. The duration of life is inconsistent with 
miliary pulmonary markings due to carcinoma. 


Case 3: Mr. C., a dish-washer aged 46, entered Bellevue Hospital on the 
service of Drs. Miller and Amberson because of cough, expectoration and 
dyspnoea. Dulness, bronchial breathing and rales were noted at the right base 
posteriorly, and chest X-ray (figure 3) revealed a homogeneous shadow at the 
right base. The sputum contained no tubercle bacilli and lipiodol study re- 
vealed no abnormalities. Bronchoscopic examination disclosed a bleeding 
area in the right main bronchus. The symptoms and disease progressed during 
the following four years. Discrete mottled shadows first appeared in the upper 
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Fig. 3 Fig. 4 Fig. 5 


Fig. 3. Case 3. Homogeneous shadow at right base with mottled shadows in right middle third 
Fig. 4. Case 3. Large homogeneous shadows in middle third of lung fields radiating from hilum, particularly on the right. Mottled shadows 
throughout both lung fields 


> 


Fig. 5. Case 3. Extensive silicosis, particularly in right lung. Large silicotic hilum lymph nodes. Small amount of tuberculous disease 


3) 
3 | 
? ; 
| 
‘er 
Ffa~ 
= 
319 


320 EDGAR MAYER AND WOLFGANG GRETHMANN 


part of the right lung and the shadow at the right base cleared somewhat 
Three years later, extensive abnormal shadows were present throughout bot! 
lung fields, particularly the right (figure 4). A diagnosis of chronic pneumoni 
of unknown aetiology was made. At no time was a diagnosis of silicosis ente: 
tained, because as far as could be determined, there was no history of exposur: 
Furthermore, if silicosis existed it behaved most atypically with the lesion 
confined practically to the right lung at the onset and then spreading to th 
left. Autopsy performed by Dr. Grethmann, however, revealed a typica 
silicosis associated with a small degree of tuberculosis. This picture (figure 5 


Fig. 6. Case 4. Discrete and stringy shadows throughout both lung fields 


of the lung shows how much more extensive the silicotic process is in the right 
lung. There was stenosis with granulation tissue of the middle-lobe bronchus 
on the right, with bronchiectasis in this lobe. Chronic infection in this area 
probably accounted for the unusual localization. This case illustrates how 
necessary it is to have the history of dust exposure, for without it we are unable 
even to suggest a diagnosis. 


Case 4: Mr. C., a patient at New York Hospital, was examined during a 
routine study. He worked at filling rubber in a rubber factory where there was 
considerable exposure to talc powder. This is a hydrous form of calcium and 
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magnesium silicate, but silica also is used in filling the rubber. On physical 
examination, rales were present at both apices. A few tubercle bacilli were 
found in the sputum, and examination of this sputum by Dr. Burke revealed 
numerous doubly refractile particles. ‘The X-ray (figure 6) showed discrete 
and stringy shadows disseminated throughout both lungs fields. The costo- 
phrenic angles were clear. The patient has remained well during the past 
year. Whatis the diagnosis? Here is a patient who is asymptomatic, despite 
the presence of extensive disease. He gives a history of exposure to dust for 
over a period of 20 years in a very dusty atmosphere. Whether or not this 
is a noxious dust we are not certain. The X-ray disclosed widespread 
dense discrete shadows consistent with silicosis. The sputum, however, con- 
tained a few tubercle bacilli and also numerous doubly refractile particles. The 
diagnosis rested between an uncomplicated widespread tuberculosis and a 
silicotuberculosis. 


CONCLUSIONS 


1. An accurate occupational history is often impossible to obtain in 
a general hospital. 

2. Inasmuch as the physical signs and symptoms are inconclusive, 
reliance must often be placed chiefly on the X-ray evidence in order to 
diagnose silicosis. 


3. Frequently the X-ray is unreliable because of confusion with other 
pulmonary diseases with very similar roentgenogrphic features. Fur- 
thermore, silicosis not infrequently presents itself in atypical form. 

4. Therefore, the diagnosis of silicosis is often more difficult than is 
generally realized. 


EFFICIENT COLLAPSE OF A TUBERCULOUS LUNG FOL- 
LOWING DIAPHRAGMATIC HERNIA OF THE 
STOMACH! 


LAWRASON BROWN anp H. L. SAMPSON 


The patient, a man, aged 58, married, office manager, came under our 
care April 20, 1930, complaining of cough, nervousness and tuberculosis. 
The family was long-lived and without tuberculosis. He had had 
typhoid fever at 21. He gave no history of any venereal disease but 
had used some tobacco. Sixteen years previously he had been tapped 
for pleurisy with effusion. Seven years ago he had developed a cough 
and tubercle bacilli were found in his sputum. He spent, at that time, 
three months in a sanatorium in Connecticut and rested three more 
months before returning to work. He occasionally returned to the 
sanatorium for a check-up and was told his cough was “bronchial’’ and 
there was no need to worry. About a year before coming under our 
care he had a “touch of grip” with an increased cough. After an exami- 
nation in June, 1929, he rested four months and the cough improved, 
but he was informed that the disease was still active. On January 16, 
1930, he returned to the sanatorium, but did not improve and grew more 
and more nervous. Meteorism was pronounced and nausea and vomiting 
occurred. In April, 1930, he came to Saranac Lake. He had never 
had night-sweats, pain in the side, or blood-spitting. His temperature 
had been slightly elevated for three weeks, he was very short of breath, 
very weak, had lost no weight; and had some cough, and some expectora- 
tion, in which tubercle bacilli had been found in November, 1929. His 
temperature ranged around a hundred, his pulse from 92 to 104. He 
was 5 feet 10 inches in height and weighed 187 pounds. His sputum 
was positive, Gaffky III. His teeth were poor and he had pyorrhoea. 
The larynx was pale but otherwise normal. His heart was normal, but 
dislocated to the left. His nails were curved but not cyanotic. The 
blood-pressure was 120 over 65. The chest was well formed and large. 
Moderately coarse rales were heard to the 2nd rib on the right. On 

1 Read by title at the 52nd annual meeting of the American Clinical and Climatological 
Association, Princeton, New Jersey, October 21-23, 1935. 
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the left there was dulness over the lower half of chest and considerable 
loss of vesicular murmur over the entire side. Vocal fremitus was in- 
creased below the 8th vertebral spine. The vocal resonance was not 
increased. Moderately coarse rales were present over the whole side. 
[he patient was put on strict postural rest and not allowed to get up 
for any purpose. On July 18, his haemoglobin was 55 to 60 per cent 
(Sahli). 

Under the usual treatment for anaemia, his blood condition gradually 
improved, and it became possible to see where he ended and the pillow 
began. His temperature slowly fell but did not become completely 
normal for a year, during all of which time he was kept strictly in bed. 
Three or four months after his arrival the vocal resonance became 
markedly increased below the 4th rib and the 7th vertebral spine. The 
blood picture became worse for a time in 1931, but in 1932 it rose to 
nearly normal. From March, 1931, to April, 1932, there was little 
change in the lung films taken at regular intervals. In September, 
1932, the cavity could not be definitely outlined. At this time tubercle 
bacilli were still present in the sputum and the urine was normal. 

In June, 1930, a film was interpreted as showing an increase of infiltra- 
tion in the lower half of the left lung, suggesting consolidation, but the 
number of tubercle bacilli was growing less. Tubercle bacilli were 
still present in February, 1933, but were absent or not found in the 
following April. 

During the spring of 1933 the patient had “much trouble” with 
his stomach, which lasted from March to August. He had consider- 
able meteorism and felt “like a balloon.”” His stomach (as he put it) 
‘rolled,’ and he could hear it so clearly that it was embarrassing. Since 
that time he has had no discomfort. In July, 1933, the B.S.R. was 
10mm. per hour. During the last year (1934) the possibility of a hernia 
of the stomach through the diaphragm was considered and the previous 
films were again studied. In chest films, taken as long before as Decem- 
ber, 1930, it seemed reasonable to assume that the air-pocket, later 
diagnosed to be in a portion of the stomach above the diaphragm, was 
at that time an indication of the diaphragmatic hernia. Ingestion of a 
barium meal was studied on March 13, 1933, and the films revealed a 
large area of rarefaction in the left lower chest, which was interpreted 
as further indicating that the stomach was situated, in part, above the 
diaphragm. A more complete study was made on February 20, 1934, 
on the Bucky apparatus and by fluoroscopic examination. The barium 
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Fig. 3. Twenty-two months later, February 20, 1934. Fig. 4. Following ingestion of a barium drink which confirms the outline 
The outline of both the thoracic portion and the abdominal portion of of both the thoracic and abdominal portions of the stomach. Note rugae 
the stomach is clearly seen, as indicated by the arrows. At this time more in both portions 
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meal was seen to enter the portion of the stomach below the diaphragm 
and apparently did not remain for any length of time in the portion o) 
the stomach above the diaphragm. ‘The patient was then placed in th: 
prone position and a large part of the stomach was seen to be above th 


Fig. 5. Eighteen months later, July 19, 1935. 

The thoracic portion of the stomach is now completely filled with the barium drink 
given at this time. Compared with the previous observation there is more of the stomach 
in the thorax. This was confirmed by physical examination. 


diaphragm, lying in a more or less diagonal position in about the mid- 
line. It was easy, on moving the patient from the erect to the hori- 
zontal position and vice versa, to see the barium pass from the portion 
below into the portion of the stomach lying above the diaphragm. 
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Rugae could be noted in both portions. With the respiratory movement 
of the diaphragm, there was noted a distinct movement of the fluid in 
both portions of the stomach. On serial roentgenograms the thoracic 
portion of the stomach was noted to increase gradually in size. On 
April 7, 1934, his weight was 199 (height 5 feet, 10 inches), his tempera- 
ture was constantly normal, appetite good, bowels regular, digestion 
good, no cough, no expectoration, strength good, sleeping well, no other 
symptoms. He was walking } to ¢ hour once or twice a day. The 
examination of the chest was as follows: Right lung, apparently normal; 
left lung, dulness below the third rib and over the back. Flat below the 
5th rib and 8th vertebral dorsal spine. The breathing was slightly 
distant to the 3rd rib and 3rd dorsal spine, almost absent below the 4th 
rib and 7th vertebral spine. Moderately coarse rdles, consonanting to 
the 2nd rib and 3rd vertebral spine, dull to the 4th rib and 8th vertebral 
spine, were heard. The vocal resonance was increased to the 2nd rib 
and opposite the 3rd vertebral spine. Gurgles and “abdominal” sounds 
were heard below the 3rd intercostal space and 5th vertebral spine. 
There was no definite succussion. The heart was displaced apparently 
to the left and upward. The point of maximum intensity of the cardiac 
sounds was in the outer 3rd intercostal space. In July, 1935, the gurgles 
and “abdominal sounds” extended upward to the 3rd rib and 3rd verte- 
bral spine. The patient had had at no time any operative interference, 
no phrenic operation, no artificial pneumothorax. His digestion is 
perfect, his appetite “too good.” 

From our study of the films we have come to the conclusion that the 
portion of the stomach above the diaphragm gradually increased, which 
leads us to believe that in this case we are dealing with a definite dia- 
phragmatic hernia and not an instance of congenital thoracic stomach. 
We feel that the marked contraction of the left lung drew the stomach 
through the diaphragm, which force and the resulting dislocation might 
have facilitated the giving way, the stretching probably of the oesopha- 
geal opening in the diaphragm. We report the case on account of the 
relation of the stomach to the collapse of the affected lung. The dia- 
phragmatic hernia of the stomach so collapsed the lung as to render 
any phrenic operation, artificial pneumothorax or thoracoplasty unnec- 
essary. 
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THE INFLUENCE OF LOCAL IMMUNIZATION OF THE 
LUNGS OF GUINEA PIGS UPON INTRATRACHEAL 
INFECTION WITH BACILLUS TUBERCULOSIS H37?" 


R. L. FERGUSON anp PAUL R. CANNON 


Studies of acquired resistance in tuberculosis have tended to focus 
attention upon the comparative value of living and dead tubercle bacilli 
as immunizing agents, but opinions still differ regarding their relative 
merits. The general consensus at present seems to favor the use of living 
avirulent cultures, notably the BCG vaccine, as the most promising 
means of immunization, although some authorities still question the 
safety of this method. They do so particularly because of the danger of 
reversion of the attenuated tubercle bacilli to virulent types, as well as 
because of the possibility of harm through the accidental mixing of 
cultures when living bacteria are employed. Furthermore, inasmuch 
as several investigators (1) (2) (3) (4) (5) have shown that vaccines of 
dead tubercle bacilli may sensitize guinea pigs while at the same time 
making them more resistant to tuberculous infection, they believe that 
the use of dead cultures may provide a safer type of vaccine for human 
beings. 

Although these experiments have demonstrated a definitely enhanced 
resistance to experimental tuberculosis, but little attention has been paid 
to the possible importance of the route of immunization. Most experi- 
menters have assumed that general immunization engenders an increased 
resistance in the lurgs themselves, although it is well known that par- 
ticles in the blood-stream are removed for the most part by macrophages 
throughout the body and do not tend to localize to any considerable 
extent in the pulmonary tissues. Acquired immunity under such cir- 
cumstances is general in type and results from the combined effect of a 
widespread stimulation of tissues and the formation of antibodies. It 
is conceivable that much of the pulmonary resistance in tuberculosis 
resulting from general immunization is largely a passive process and 


1 From the Department of Pathology, The University of Chicago, Chicago, Illinois. 
2 This work was also supported by the Otho S. A. Sprague Memorial Institute of the 
University of Chicago, Dr. H. G. Wells, Director. 
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exists only to the extent that circulating antibody reinforces the cellular 
activity of phagocytic cells within the lungs. 

The possible importance of direct antigenic stimulation of the lungs 
has apparently not been considered by most of the workers in this field 
in spite of the general belief that most primary tuberculous infections of 
the lungs occur through the inhalation of tubercle bacilli. The primary 
tuberculous complex of Ghon-Ranke demonstrates the natural ability of 
pulmonary tissues to restrict the growth and spread of tubercle bacilli, 
but a certain amount of time is apparently required for the resisting 
cellular and humoral forces to mobilize sufficiently to hinder the dissemi- 
nation of tubercle bacilli beyond the regional lymph nodes. If such 
forces respond weakly, or if they are overcome by a too massive or too 
frequent infection, or by the virulence of the invaders, progressive and 
generalized tuberculosis may result. It would seem reasonable to 
assume, therefore, that if the tissues first affected in pulmonary tubercu- 
losis could be artificially stimulated through contact with dead tubercle 
bacilli, the increased local tissue resistance might restrain the growth 
of living tubercle bacilli in the course of a primary infection. Such a 
stimulation can be secured by the inhalation of dead tubercle bacilli, 
the microérganisms thus traversing the usual route of infection in pul- 
monary tuberculosis without reproducing the disease itself. 

The idea of immunization of portals of entry was emphasized par- 
ticularly by Besredka in 1920 (6), and since then several workers have 
secured evidence which favors the view (7) (8) (9) (10). A few attempts 
have been made to immunize the lungs directly by tubercle bacilli. 
Westenrijk (11) exposed rabbits to a spray of heat-killed tubercle bacilli, 
and observed a definitely increased resistance of such animals to the later 
inhalation of living tubercle bacilli. He believed his results were due 
to the enhancement of a cellular immunity. Jizuka (12) immunized 
guinea pigs intratracheally with dead tubercle bacilli and infected them 
later by the same route with living tubercle bacilli. The vaccinated 
animals lived almost twice as long as the nonvaccinated and the tubercu- 
losis was much less generalized. His report, however, dealt with only 
10 animals. 

The experiments which we are reporting have employed the same gen- 
eral method, that is, the intratracheal injection into guinea pigs of dead 
tubercle bacilli, followed later by intratracheal injections of living 
tubercle bacilli of the same strain into vaccinated and normal animals. 
The experiments were performed in order to test the feasibility of local 
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pulmonary immunization in the prevention of tuberculosis. The work- 
ing hypothesis is that pulmonary tissues and lymph nodes, which have 
once been in intimate contact with dead tubercle bacilli and have thus 
been stimulated, may more readily dispose of living tubercle bacilli. 
Any resulting enhancement of resistance should enable the tissues to 
localize, encapsulate and destroy the small numbers of tubercle bacilli 
which presumably enter the lungs at any one time in the course of natural 
infection.2 Furthermore, a more effective primary localizing mechanism 
in the lungs should limit to a considerable extent the widespread dissemi- 
nation of these microdrganisms to other vital structures. Such an 
assumption appears reasonable in view of the evidence of the importance 
of tissue resistance to infection elsewhere in the body (13) (14). 

The remarkable ability of the lungs to filter out and prevent the 
entrance of inhaled particles into the blood-stream is well known, as, for 
example, in pneumonoconiosis, when relatively enormous quantities of 
coal dust, silica, etc., are retained in the lungs with practically no involve- 
ment of the liver and spleen. Particles of the size of dust or of the 
bacteria usually encountered in respiratory disease, if inhaled into the 
lungs, are held there for the most part and do not penetrate much further 
into the body; only when bacteria are particularly virulent or invasive, 
is penetration of the pulmonary barrier likely to occur (15) (16) (17). 
Smaller particles, however, sera or aqueous solutions of certain drugs, 
inorganic compounds and dyes, if introduced into the lungs, may pass 
directly into the lymph or blood (18). The size of the molecule, there- 
fore, as well as the degree of injury to the pulmonary tissues, seems to be 
correlated with the degree of permeability of the “pulmonary filter.” 
Protein solutions apparently pass through quite freely, as in anaphylactic 
sensitization by the intratracheal introduction of horse-serum or egg 
albumin; agglutinating or haemolyzing sera, however, when injected 
intratracheally into normal rabbits, are absorbed extremely slowly into 
the blood-stream.* Apparently the wall of the alveolar capillaries is 
permeable to molecules the size of the albumin molecule but impermeable 
to the larger molecules of antibody-globulin. 

These facts reveal the presence within the lungs of an important blood 

3 “The fault with all experiments in tuberculosis has been an attempt to create an absolute 
immunity against infection with tubercle bacilli. This cannot be accomplished. Such 
immunity is not needed; a relative immunity which can prevent an infection with a small 
number of organisms is sufficient. I believe there are only a few cases in which the infection 


is due to a massive dose.”—S. A. Petroff, Jour. Am. Med. Assoc., 1927, lxxxix, 285. 
* Experiments of John P. Fox. Personal communications to the authors. 
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tissue barrier through which oxygen and carbon dioxide diffuse quite 
readily, but through which larger molecules and particles can penetrate 
only with difficulty, a situation all the more remarkable when one con- 
siders the delicacy and apparent fragility of the pulmonary structures. 
There is no doubt that both inert and living particles, if inhaled, may 
eventually reach the pulmonary alveoli; their further progress depends 
upon the obstructions placed in their way by tissues, fluids and cells. 
The alveolar space is surrounded by a wall concerning whose nature 
there is still much uncertainty; although many histologists and pathol- 
ogists assume that this wall is lined by “epithelium,” the evidence is far 
from convincing. The recent work of Loosli (19) indicates that the 
alveolar wall, in some mammals at least, consists essentially of collagen, 
elastic tissue, reticulin and capillaries, and that its inner lining is not a 
continuous layer of epithelium but rather an acellular material in which 
occasional septal cells occur. It has been shown that local stimulation 
of the pulmonary tissues is followed by an increased mobilization of these 
cells together with an increased ability to resist certain types of pulmo- 
nary infection. Although the function of these “pulmonary phagocytes” 
is obvious in many instances, their site and origin must still be regarded 
as matters of controversy. Fried (20) has recently reviewed the subject 
in an excellent article and has presented much of the evidence pointing 
to their macrophagic nature. 

The introduction of antigenic particles into the alveolar spaces is 
followed, presumably, by their local engulfment and destruction, during 
which process the pulmonary tissues may acquire an increased capacity 
to dispose of similar substances later entering the lung. The appearance 
of “collars” of lymphoid cells around blood-vessels and bronchi after 
intratracheal vaccination suggests that antigenic substances which 
leave the air-spaces and enter the interstitial tissues may stimulate the 
mesenchymal elements and cause the mobilization of large numbers of 
potentially phagocytic cells, which may then migrate into the septa and 
assume the appearance and functions of septal cells. It is also possible 
that immune substances in the interstitial tissue may modify the per- 
meability of alveolar walls and hinder the penetration of virulent micro- 
organisms into the blood stream (21). 


MATERIALS AND METHODS 


Male guinea pigs, ranging in weight from 350 to 550 gm. were used. 
They were kept in the stock-room for from twenty to thirty days before 
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the beginning of each experiment, and were arranged at random into 
small groups of from 8 to 12 animals of approximately equal size. A cul- 
ture of tubercle bacillus (H37), obtained from the American Type Culture 
Collection at Chicago, was grown on glycerol-agar for about thirty days, 
after which the growth was ground and suspended in 5 per cent solution . 
of phenol for twenty-four hours. The suspension was then centrifugated, 
the phenol solution discarded, and the bacilli washed five times in salt 
solution before their final suspension in such a proportion that 0.1 mgm. 
of the original weight was contained in 0.25 cc. of salt solution. Phenol 
was used with the thought that it might cause less denaturization of the 
antigen-complex than killing by heat. 

Guinea pigs were immunized as follows: After preliminary novocaine 
infiltration of the skin, the trachea was exposed and 0.1 mgm. of the 
killed tubercle bacilli was injected at the bifurcation, the attempt being 
to introduce half into each main bronchus. This was done by an “atom- 
izing’ device consisting of a 27-gauge needle inserted into a larger 18- 
gauge needle, so that air forced through the larger needle would tend to 
break up the drop of fluid injected through the smaller needle. This 
double needle was inserted into the trachea, and the vaccine injected 
through the smaller needle while air was forced into the larger needle by 
means of a rubber bulb. It was hoped that a spray would thus be 
formed which would be inhaled into the lungs as the animal breathed. 
While we cannot be certain that this actually happened, the vaccine 
solution did enter the lungs and was aspirated, presumably, into the 
various areas. Some groups of animals received one such intratracheal 
immunization whereas others received two, usually from two to four 
weeks elapsing between injections. The animals withstood the treat- 
ment well and gained in weight. At from one to three months after 
vaccination, these animals and normal ones of equal size were infected 
intratracheally with from 0.0016 to .002 mgm. of living H37 culture; 
observed; and at varying intervals of time the survivors were killed and 
their tissues examined. Celloidin sections were made routinely from the 
lungs, tracheobronchial lymph nodes, liver and spleen, and stained with 
hematoxylin-eosin and Cooper’s modification of the Ziehl-Neelsen method 
for the demonstration of tubercle bacilli in the tissues. 

One hundred and thirty-seven guinea pigs in all are included in the 
present report and will be considered in three groups: Group 1 consists 
of 4 normal animals vaccinated intratracheally with 0.2 mgm. of vaccine 
and examined at from 12 to 43 days after vaccination. Group 2 contains 
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75 animals, of which 37 were vaccinated and 38 were controls. Group 3 
consists of 58 guinea pigs, of which 29 were vaccinated and 29 were con- 
trols. All of the animals of group 3 were observed until their death from 
tuberculosis or from intercurrent infection. 


GRouP 1 


The Effects of Intratracheal Immunization with 0.2 mgm. of Tubercle- 
Bacillus Vaccine 


Of the 4 animals vaccinated, one died 12 days after vaccination, while 
the other three were killed at from 39 to 43 days after the immunization. 
Histological examination of the lungs, tracheobronchial lymph nodes, 
liver and spleen revealed the following: None showed any evidence 
whatever of tuberculosis, proving the sterility of the vaccine itself. The 
only changes of particular interest were in the lungs of the animals killed 
at from 39 to 43 days, and consisted of a definite ‘‘mantling”’ of blood- 
vessels and bronchi by a “collar” of lymphoid cells similar to that de- 
scribed by Tuttle and Cannon in the lungs of dogs immunized intratra- 
cheally with vaccines of staphylococci or colon bacilli. This reaction, 
presumably, indicates a tissue stimulation or mesenchymal activation. 
The only other significant findings were the occasional presence in 
alveolar spaces of groups of desquamated septal cells, pseudoeosinophiles 
and lymphoid cells, representing in all probability a local infiltrative and 
proliferative reaction to the dead tubercle bacilli during their disposal 
by the pulmonary tissues. The tracheobronchial lymph nodes were not 
enlarged, and were normal save in one instance in which there was a 
moderate desquamation of littoral cells into the sinuses, accompanied by 
a slight infiltration of pseudoeosinophiles. The livers and spleens in all 
4 animals were normal. 


GROUP 2 


The Histological Changes iw Vaccinated and Nonvaccinated Guinea Pigs 
Killed or Dying at Varying Periods after Infection 


Group 2 consists of 8 subgroups of animals which died or were killed 
at different periods after infection (4 to 73 days). The object was to kill 
the animals of each subgroup at varying intervals, in order to ascertain 
the comparative histological picture in vaccinated and control animals. 
During the course of the experiments, however, several of the animals 
died and their tissues were examined and compared with those from the 
animals killed in accordance with the original plan of the experiment. 
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The general findings for the entire group will be described first. Of the 
38 nonvaccinated animals, 22 died in the course of the experiment (a 
fatality rate of 58 per cent), and 16 were killed at intervals of from 41 to 
73 days; whereas, of 37 vaccinated animals, 10 died (a fatality rate of 27 
per cent), and 27 were killed during the corresponding period. The 
infection in a considerable number of animals was widely disseminated, 
of the type described by Petroff, Branch and Jennings as “fulminating,” 
with huge spleens and with infarcts in both the spleen and liver. Such 
a manifestation was almost three times as frequent in the nonvaccinated 
animals as in the vaccinated (8 of 38 nonvaccinated as compared with 3 
of 37 vaccinated). Of those surviving for from 41 to 73 days after infec- 
tion, 4 of 16 nonvaccinated animals developed the fulminating type as 
compared with none of 27 in the vaccinated group. Furthermore, in 
subgroup 6 consisting of 8 animals, 4 vaccinated once intratracheally 


PLATE 1 


Fig. 1. Section of lung from a nonvaccinated animal dying 22 days after infection. Note 
the diffuse acute alveolitis with the alveolar spaces filled by mononuclear cells and degenerat- 
ing polymorphonuclear leucocytes. There is but little interstitial reaction. Haematoxylin 
and eosin stain. 400. 

Fig. 2. Section of lung from animal shown in fig. 1 to show the enormous numbers of 
acid-fast bacilli within the alveolar spaces. Ziehl-Neelsen stain. 1200. 

Fig. 3. Section of lung from a vaccinated animal killed at 66 days after infection. Note 
the sharply circumscribed fibrocaseous tubercle. Haematoxylin-eosin stain. 104 

Fig. 4. Section of lung from a vaccinated animal killed at 66 days. Note the well encap- 
sulated fibrocaseous tubercle near the hilum. Haematoxylin-eosin stain. 44 


with 0.1 mgm. of vaccine and infected with 0.0016 mgm. of living culture 
simultaneously with 4 controls, 3 of the 4 nonvaccinated animals devel- 
oped the fulminating type of lesion as contrasted with none of the four 
in the vaccinated group. 

The nonvaccinated animals in general did not withstand the tubercu- 
lous infection as well as did the immunized, as judged by the greater 
weight-loss, the higher fatality rate and the greater degree of dissemina- 
tion of tubercle bacilli. The pathological findings were also different, 
with extensive spreading lesions, as compared with the more circum- 
scribed compact lesions and the distinctly lessened tendency to involve- 
ment of the liver and spleen in the vaccinated animals. 

The gross lesions in the nonvaccinated animals were usually larger, 
more confluent, and in the lungs tended to affect more lobes of an individ- 
ual animal. The tracheobronchial lymph nodes became enlarged and 
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necrotic, although at times this feature was also prominent in the vic 
cinated animals. Coalescing tubercles were more numerous and lary 
in the spleen and liver of the nonvaccinated animals, were not so circu 
scribed, and did not project above the surface so conspicuously as 
those vaccinated. Finally, histopathological examination revea) 
striking differences, with a more rapid evolution of the lesions in { 
vaccinated animals, a greater tendency to encapsulation, fibrosis a 
giant-cell formation, and usually with distinctly fewer tubercles in 1 
liver and spleen. 

Histological examination of the animals which died at from 16 to : 
days after infection revealed a widely disseminated tuberculosis. Tie 
tuberculous process in the lungs in the earliest stages was characteriz 
by the presence of loosely arranged masses of polymorphonuclear leuc: 


PLATE 2 

Fig. 5. Section from lung of a vaccinated animal dying at 41 days. The tubercles are 
compact and sharply circumscribed. Haematoxylin-eosin stain. 100 

Fig. 6. Section of lung from a vaccinated animal dying at 32 days after infection. Note 
the interstitial fibrosis, giant cells and desquamative alveolitis. Acid-fast bacilli were 
exceedingly difficult to find in this lung. Haematoxylin-eosin stain. 248 

Fig. 7. Tracheobronchial lymph node from a nonvaccinated animal dying 22 days after 
infection. Note the diffuse involvement of the entire node by a liquefaction necrosis with 
early hyperplasia of the reticulum cells. Acid-fast bacilli were numerous in this node 
Haematoxylin-eosin stain. X48 

Fig. 8. Tracheobronchial lymph node from a vaccinated animal killed 41 days after 
infection. Only a few small epithelioid tubercles present at the periphery of the node. 
Acid-fast bacilli were not found. Haematoxylin-eosin stain. X48 


cytes, lymphocytes and mononuclear cells within alveolar spaces (figure 
1) with a marked tendency to coalescence of neighboring lesions. Nec- 
rosis, when present, was of a more liquefactive than caseating type. 
Acid-fast bacilli were abundant within the lesions, both extracellularly 
and within polymorphonuclear leucocytes and mononuclear cells (figure 
2). Fibrinoid masses containing large numbers of acid-fast bacilli were 
frequently present within alveoli. There was not much evidence oi 
encapsulation by fibroblasts, and giant cells were practically never 
seen. The interstitial tissue was usually oedematous. After from 4 to 5 
weeks, caseation necrosis was present, mononuclear cells were mor 
conspicuous, and tubercle bacilli were less numerous in the lesions. By 
the seventh week fibroblasts became more conspicuous and giant cells 
were occasionally seen. Considerable individual variation occurre: 
among the animals, some showing a fibrocaseous type of lesion at th: 
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seventh week, whereas others at the ninth week showed no evidence «! 
any regressive lesion. ‘Throughout the entire series, the general pictu 
was of an acute diffuse alveolitis with polymorphonuclear leucocytes t! 
predominant cell in the earlier stages followed later by a “desquamati 
alveolitis” in which mononuclear cells were more conspicuous. 

The tracheobronchial lymph nodes were moderately enlarged and, | 
the earlier stages, showed a diffuse reticular hyperplasia with masses « 
polymorphonuclear leucocytes clustered in coalescing areas of liquefactio 
necrosis (figure 7). Acid-fast bacilli were widely distributed through t} 
lymph nodes. In the later stages caseation necrosis became more co! 
spicuous, with an increasing tendency to coalescence of adjoining areas 
of liquefaction necrosis; epithelioid cells were more numerous and, from 
the sixth to seventh week, giant cells were seen occasionally, at which 
time a fibroblastic type of reaction was also evident although never 
conspicuous. 

The lesions in the liver and spleen resembled those in the lungs and 
tracheobronchial lymph nodes. Although there was some individual 
variation, the livers and spleens of all but one animal contained many 
confluent miliary tubercles, in which lymphocytes, polymorphonuclear 
leucocytes and mononuclear cells were loosely distributed. Giant cells 
and fibroblasts were rarely seen before the sixth to seventh weeks. Acid- 
fast bacilli were readily seen in the earlier lesions. 

The general histological picture suggested that the initial tissue reac- 
tion in the lungs and tracheobronchial lymph nodes had failed to prevent 
the free passage of tubercle bacilli into the deeper structures and, as a 
result, large numbers of the organisms passed into the blood, and, 
although taken out by the liver and spleen, continued to develop into 
confluent tuberculous lesions. In other words, the relatively sluggish 
tissue response in primary infection allowed a widespread dissemination 
of the tubercle bacilli, followed by extensive generalized tuberculous 
disease and a high fatality rate. 

During a corresponding period only 10 of the 37 vaccinated animals 
died, two of these before the seventh day after infection. Eight died 
between the 22nd and 41st days. 

The histological changes in these animals differed considerably from 
those in the nonvaccinated group. The lesions in the lungs consisted 
of compact collections of epithelioid cells (figure 5), frequently sur 
rounding areas of definite caseation, present as early as the third week 
after infection. Fibroblasts were appearing around these areas; acid- 
fast bacilli were present, but were not so numerous in most lungs as in 
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‘,e control animals and in some instances were exceedingly difficult to 

d. Many of the alveoli were filled with desquamated septal cells 

d in some animals the interstitial tissue was thickened by fibrous 

sue (figure 6). Giant cells were frequently seen, particularly after the 

h week. The general picture was of a “desquamative alveolitis,” 

th polymorphonuclear leucocytes less conspicuous and with septal 

(ls predominating. Tubercles were definitely circumscribed and 

nsisted of epithelioid cells surrounding areas of caseation necrosis. 

The tracheobronchial lymph nodes showed a definite fibroblastic 
r-action as early as the 22nd day after infection, although large masses of 
polymorphonuclear leucocytes were also numerous at that time. Acid- 
fast bacilli were frequently difficult to find in some animals but were 
fairly numerous in others. Caseation necrosis was conspicuous in some 
nodes and giant cells were not uncommon, particularly after the fourth 
week. Epithelioid cells were more abundant than in the nonvaccinated 
animals. 

The lesions in the liver and spleen were less numerous than those of the 
controls, were more compact and proliferative in type, with epithelioid 
cells and fibroblasts comprising the bulk of the tubercle. In three of the 
animals no tubercles whatever were found in the spleens and very few in 
the livers. Giant cells and caseation necrosis were prominent as early as 
the 22nd day, at times even in the tiniest miliary tubercles. Acid-fast 
bacilli were difficult to find in most of the tubercles in the spleen and liver. 

The general histological picture indicated a much more effective pulmo- 
nary and tracheobronchial lymph-node reaction to the tubercle bacilli. 
There was a more prominent proliferative reaction, a greater difficulty in 
finding acid-fast bacilli, a greater compactness of the tubercles and a 
more rapid regression of the lesions as indicated by the prominence of 
epithelioid cells, fibroblasts and giant cells. As a result of this better 
tissue reaction, fewer tubercle bacilli entered the blood-stream, and hence 
there was distinctly less involvement of the liver and spleen. Even when 
this occurred, the tubercles were more circumscribed, and proliferation 
and regression was further advanced, as shown by the presence of giant 
cells and fibroblasts. 


Ltistological Changes in Vaccinated and Nonvaccinated Guinea Pigs Killed 
at from 41 to 73 Days after Intratracheal Infection with 
Living H37 Culture 


Of the animals which survived for from 41 to 73 days, 16 were non- 
iccinated and 27 were vaccinated. The histological changes in the 
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former group differed somewhat from those in the animals succumbing 
infection during this period. All of the survivors had tuberculous lesic:. 
in the lungs similar in general to those already described for the anim 
which died spontaneously. The lesions were loosely arranged with . 
marked tendency to coalescence and frequently with the involvement 
several lobes. Liquefaction necrosis was common, and acid-fast bac 
could usually be demonstrated in such areas. Caseation necrosis y 
inconspicuous at the sixth week, but gradually became more evident 
the succeeding weeks. The lymphoid nodules were not conspicuo. 
giant cells were never numerous, and fibroblastic encapsulation 
individual tubercles was minimal until about the eighth week wh: 
indications of regression of the lesions became more evident in thie 
tendency of the lesions to become fibrocaseous and to be surrounded by 


PLATE 3 


Fig. 9. Tracheobronchial lymph node from a nonvaccinated animal killed 66 days after 
infection. The entire node was replaced by a loosely distributed mass of epithelioid cells 
and polymorphonuclear leucocytes and with but slight tendency to a fibroplastic reaction. 
Haematoxylin-eosin stain. 480 

Fig. 10. Tracheobronchial lymph node from a vaccinated animal killed 59 days after 
infection. Note the sharply circumscribed tubercles with giant cells and the compact 
fibroplastic reaction surrounding. Haematoxylin-eosin stain. 208 

Fig. 11. Section of liver from a nonvaccinated animal killed 67 days after infection 
Note the diffuse infiltration of the portal areas and the extensive necrosis of the hepatic 
parenchyma. Haematoxylin-eosin stain. X96 

Fig. 12. Section of liver from a vaccinated animal killed at 67 days after infection. Note 
the sharply circumscribed tubercle and the absence of necrosis. Haematoxylin-eosin 
stain. X96 


increasing numbers of giant cells. Four of the 16 survivors had the 
fulminating type of tuberculosis, with large areas of necrosis in the liver 
and spleen. In these four animals the pulmonary lesions were especially 
large and confluent, were more massive, and exhibited more extensive 
areas of acute alveolitis with but little evidence of a fibroblastic reactior 
or of giant-cell formation. In the animals killed at about the tenth week 
giant cells and fibroblasts were more conspicuous. 

The tracheobronchial lymph nodes exhibited varying grades of reac 
tion from a diffuse reticular hyperplasia to localized areas of liquefaction 
necrosis in which acid-fast bacilli were easy to demonstrate (figure 9) 
Caseation necrosis was conspicuous by the seventh week, and epithelioid 
cells comprised the bulk of the tubercles. Giant cells were usually rare, 
but became fairly numerous by the tenth week along with greate! 
numbers of fibroblasts. 
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The livers contained numerous tubercles in 10 of the 16 animals exan- 
ined and tubercles were present in 14 of the 16. The tubercles in t 
animals killed at about the sixth week were epithelioid in type, with b 
little caseation present and were frequently coalescing. Caseaticn 
necrosis became more conspicuous later as did also giant cells. T 
hepatic lesions were mostly in the portal areas where they formed cx 
necting zones of fresh tuberculous tissue (figure 11). 

Tubercles were numerous in the spleens of 12 of the 16 animals, ai « 
were present to some extent in all. They consisted essentially of ¢} 
thelioid cells which frequently were fusing with adjoining ones to fo: 
large masses of confluent tuberculosis. Acid-fast bacilli could usua!'v 
be demonstrated, particularly in areas of caseation necrosis. Giant ce!!s 
also became fairly conspicuous by the eighth to tenth weeks. 

The lesions in the vaccinated animals differed from those in the non- 
vaccinated in distribution, extent and numbers. Those in the lungs were 
distinctly more compact than in the normal animals, with epithelioid 
cells comprising most of the tubercles (figures 3 & 4). Fewer lobes were 
usually affected, and in some instances practically no tubercles could be 
found in sections from several lobes of the same animal. Acid-fast bacilli 
were usually much less numerous than in the control animals at a corre- 
sponding period of time. The lymphoid follicles were usually much 
more conspicuous and abundant than in the non-vaccinated animals. 
The lesions were frequently fibrocaseous by the seventh week. Giant 
cells were present earlier and in greater numbers, and fibroblastic encap- 
sulation of lesions was usually evident. 

The tracheobronchial lymph nodes were caseous as early as the sixth 
week and in some instances giant cells and numerous fibroblasts were also 
present at this time. Acid-fast bacilli were not numerous except in areas 
of caseation. Epithelioid tubercles not infrequently existed as discrete 
lesions confined to the peripheries of the nodes (figure 8). In a few 
instances no tubercles were present, but only a diffuse reticular hyper 
plasia. 

Tubercles were numerous in the livers of only three of 25 vaccinated 
animals in which the livers were examined and in only 5 spleens of 25 
animals. No tubercles were found in the livers of 4 animals and in the 
spleens of two. This is in sharp contrast to the findings in the spleen: 
and livers of the nonvaccinated animals as noted above. The tubercle 
in both the spleen and liver were distinctly more circumscribed in mos’ 
instances (figure 12), with caseation present earlier, and with giant cells 
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epithelioid cells and fibroblasts much more prominent than in lesions 
from nonvaccinated animals at corresponding periods of time. 

There can be little question, therefore, that living tubercle bacilli 
introduced into the lungs of previously vaccinated animals caused less 
extensive damage in the lungs themselves and disseminated to the liver 
and spleen much less extensively than in the control animals. Even 
when large numbers reached these organs, the tubercles regressed more 
rapidly, and caused less damage to the tissue as shown by the absence 
of the fulminating type of progressive lesion in any one of the 27 vac- 
cinated animals examined. It seems reasonable to conclude that the 
rapid regression of lesions is correlated with the lower fatality rate and 
the prolongation of life in the vaccinated animals. 


GROUP 3 


The Comparative Fatality Rate in Normal and in Vaccinated Guinea Pigs 
Infected Intratracheally with Bacillus Tuberculosis H37 


This group comprised 58 male guinea pigs weighing from 500 to 600 
gm., and was designed to demonstrate the comparative fatality rates of 
normal and of intratracheally vaccinated animals after intratracheal 
infection with living tubercle bacilli. Twenty-nine of the animals were 
vaccinated twice with an interval of two weeks between vaccinations, 
with 0.1 mgm. of killed tubercle bacilli; 28 days later these animals and 29 
normal controls were infected intratracheally with 0.0016 mgm. of living 
H37 culture, and the animals were observed during the ensuing eight 
months during which time all of them died. It is noteworthy that during 
the first six weeks ten of the 29 control animals died, a fatality rate of 30 
per cent, while only one immunized animal died and this one died two 
days after infection. After the sixth week, however, both groups died 
at approximately the same rate, so that by the end of the fourth month 
all of the normal animals were dead, and only 50 per cent of the im- 
munized. The last of the vaccinated guinea pigs did not succumb until 
four months later. The total survival days for the nonvaccinated 
animals was 1,736, an average of 59 days per animal; the total survival 
days for the immunized group was 3,134, an average of 112 days per 
animal. It is obvious, therefore, that immunization was followed by an 
average survival period for the immunized animals almost twice that of 
the controls. 

The tissues from these animals were all examined, but a description of 
the histopathological findings would add but little to that already given. 
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The same differences of lesions were observed as already described for the 
animals of group 2 which died in the course of the experiment. 


DISCUSSION 


These experiments, as judged by the usual criteria, such as survival 
period, and extent and histopathological nature of the lesions, indicate 
that local pulmonary immunization with a phenol-killed culture of tuber- 
cle bacilli definitely enhances the resistance of guinea pigs to the living 
tubercle bacillus of the same strain when introduced into the lungs. 
The average duration of life in the animals of group 3 (almost twice that 
for the controls) is particularly significant in view of the relatively enor- 
mous infecting dose as compared with that presumably occurring in 
natural infection. The ratio of average survival days is higher than that 
obtained in the experiments of Petroff, Branch and Jennings. In their 
animals infected subcutaneously with approximately 440 tubercle bacilli, 
the “average duration of life was 369 days for the sensitized animals 
and 295 days for the controls.” In another series infected intracardially 
with approximately 500 living virulent tubercle bacilli, the “average 
duration of life was 293 days in the sensitized animals and 165 days in the 
controls.” These results apply to a group of 64 guinea pigs ranging from 
350 to 600 gm. in weight, vaccinated with dead tubercle bacilli, and in- 
fected with living tubercle bacilli (H37). Our animals were in practically 
the same weight-range, and were vaccinated and infected with the same 
strain of organism; our experiments differ in that the culture was killed 
by phenol instead of heat, was injected intratracheally both for vaccina- 
tion and infection, and the infecting dose was at least a thousand times 
as great. It is unfortunate that we employed so large a dose, inasmuch 
as 0.0016 mgm. of dry tubercle bacilli contains, according to Petroff, ap- 
proximately 500,000 tubercle bacilli, far more than is ever to be 
assumed in natural infection. Our results, therefore, may be considered 
all the more remarkable in view of the great natural susceptibility of the 
guinea pig to infection with this strain of tubercle bacillus. 

The higher fatality rate in the control animals is probably related 
directly to the greater degree of dissemination of tubercle bacilli and the 
more widespread development of lesions throughout the body. The 
tubercle bacilli when introduced into the lungs induced an acute tubercu- 
lous pneumonia, during or after which numerous bacilli reached the 
regional lymph nodes and entered the blood-stream. There was no 
regularity about this, however, as in one animal numerous tubercles were 
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found in the liver and spleen eleven days after infection, whereas in 
another none was found after fourteen days. The entrance of tubercle 
bacilli into the blood apparently depends upon several factors, such as 
extent of the pulmonary involvement, reactivity of the tracheobronchial 
lymph nodes, and time. Furthermore, enormous numbers of tubercle 
bacilli are occasionally held within the lungs for several weeks with 
comparatively few getting through into the liver and spleen. 

The less widespread involvement of the liver and spleen in the vac- 
cinated animals raises the question as to the nature of the resistance 
acquired through pulmonary immunization. The following explanation 
is suggested: The dead tubercle bacilli introduced into the lungs during 
vaccination are engulfed and destroyed by the macrophages or other 
phagocytes present or coming into the lungs as a result of the antigenic 
stimulation. Some of the bacilli may enter lymphatics or be carried 
there by phagocytes and reach the regional lymph nodes where they are 
engulfed by phagocytes and destroyed. During this process of local 
tissue stimulation the peribronchial and perivascular lymphoid tissues 
become hyperplastic, suggesting a mesenchymal activation and a re- 
sulting mobilization of potentially phagocytic cells. It is also possible, 
although there is no proof for it, that local antibody-formation may occur 
simultaneously. Furthermore, any bacilli which may enter the blood- 
stream serve to stimulate the general forces of immunity. Later, when 
living tubercle bacilli enter the lungs and traverse the same routes, the 
phagocytic cells which have been mobilized and “prepared” by their 
previous experience in metabolizing the bodies of the dead tubercle 
bacilli are now better able to engulf and destroy the living organisms; 
more tubercle bacilli are held in the lungs where they are gradually 
destroyed. Few tend to reach the tracheobronchial lymph nodes, and, 
if they do, are less likely to “spill over” into the blood-stream and so 
reach the liver and spleen. We believe, therefore, that the antigenic 
stimulation of the respiratory tract has definitely elevated the resisting 
level of the lungs and tracheobronchial lymph nodes and that the result- 
ing immunity is largely, although not entirely, local in nature. 

The marked differences in cellular pattern of the lesions in the vac- 
cinated and control animals demonstrate the more favorable tissue 
response in the former and are in accord with the findings of Medlar (22) 
and of Lurie (23), both of whom have stressed the point that the presence 
of giant cells and fibroblasts signifies a favorable tissue response and a 
regressive lesion. Judged by these criteria, the lesions in the vaccinated 
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animals had almost invariably progressed further in the process of healing 
than had those in the controls. 


SUMMARY AND CONCLUSIONS 


One hundred and thirty-seven guinea pigs were used in a study of the 
influence of local immunization of the lungs against experimental tubercu- 
losis. The animals were immunized intratracheally with a phenol-killed 
culture of Bacillus tuberculosis H37 and were infected intratracheally 
some weeks later with living organisms of the same strain. The results 
and the conclusions drawn from the experiments are as follows: 

1. Intratracheal immunization conferred a definitely increased re- 
sistance. The animals lived almost twice as long as the controls similarly 
infected, there was less widespread dissemination of tubercle bacilli 
throughout the body, and the lesions regressed more rapidly in vac- 
cinated animals. 

2. The local stimulation of the lungs favored the mobilization of 
macrophages in the interstitial tissues and in the regional lymph nodes, 
so that, when living tubercle bacilli traversed the same routes, they were 
more effectively engulfed and destroyed. Fewer bacilli reached the 
blood-stream and fewer lesions occurred in the liver and spleen. 


3. The experiments support the idea that direct antigenic stimulation 
of a portal of entry may cause a considerable increase in resistance 
against infectious agents which may enter the body by the same route. 
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AN ANTHROPOMETRIC STUDY OF TUBERCULOUS 
CHILDREN 


HELEN BRENTON PRYOR! anp HELENA MATHIASEN! 


Many anthropometric studies of children have been made as an ap- 
proach to better understanding of the problems of growth and develop- 
ment (1) (2) (3) (4), nutrition (5) (6) (7) (8), or the ductless glands. A 
few have attempted to get at the relation between body build and disease 
(9) (10) (11), and there are certain suggestive findings in the field of 
immunology which associate susceptibility to disease with massiveness of 
build or the lack of it. 

Anatomical variations have been correlated with physiological varia- 
tions by different authors (12) (13) (14). The relationship between form 
and function has been sought since history began. Medical men have 
always been interested in the subject, especially whenever it touches on 
predisposition to disease. 

Dr. Wade Brown (15) stated: 


The idea that disease is predetermined by one’s constitution can be traced 
back to antiquity. The ancient Greeks regarded both man and disease as 
products of environment. Hippocrates first described different temperaments 
and he made use of constitutional types in diagnosis when he reported that 
fat women were sterile and had menstrual disorders. 


di Giovanni (16) and his followers taught that a given morphology in 
itself predisposes to, or actually determines disease. 

Davenport (17), in discussing the subject, pointed out that “The 
common idea of the tubercular diathesis comprises slender form. On 
the other hand, a person who has, or who has recovered from, active 
pulmonary tuberculosis is apt to remain underweight, partly because the 
respiratory apparatus is damaged.” To test the influence of disease on, 
or association of disease with, different types of build, he made a tabula- 
tion of the diseases recorded as occurring during youth and middle age 
in ten thousand fairly well-described persons from the Records of Family 
Traits, Eugenics Record Office. In 737 persons of slender build there 
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were found in youth certain diseases in excess of normal incidence. They 
were diseases of the respiratory tract, such as tuberculosis, tonsillitis, 
bronchitis and pneumonia. 

There are many classifications of mankind into various constitutional 
or body-build types and as many different terminologies to describe them. 
We read of the pyknic and asthenic; the macrosplanchnic and the micro- 
splanchnic, the digestive type and the respiratory or cerebral type. 
Stockard’s (23) simple descriptive terminology seems the least confusing 
and consequently we have used his linear and lateral to designate the 
two extreme types, recognizing that all classes of body-build grade im- 
perceptibly into one another. Body-build is here used in the strict sense 
of type of bony framework designating large-boned and small-boned 
individuals, recognizing the preponderance of the horizontal or of the 
vertical dimensions. State of nutrition has nothing to do with this 
definition of body-build. Many elaborate methods of classifying body- 
build have been worked out, but the very simple one of merely comparing 
width to length of the body appears to be adequate. The widest diam- 
eter of the crest of the pelvis divided by the standing height yields the 
Width-Length Index which measures the relative breadth or body-build 
of achild. This width-length index increases directly with the relative 
breadth of the child, since it expresses the simple relationship of each 
body to itself. Empirically it can be said that a low index means a 
slender child with small bones, and a high index means a broad child 
with big bones. (W/H X 1000 = W. L. Index) 

The French have always associated the dolicho or asthenic (linear 
type) with lessened resistance to pulmonary infections. 

Draper (18) reported that an individual having a subcostal angle 
between 24 and 55 degrees had an 80 per cent chance of being a member 
of either the tuberculosis or ulcer groups. The small subcostal angle is 
characteristic of the linear type of body-build. 

Ickert (19), in East Prussia, found nearly 80 per cent of tuberculous 
patients of leptosome habitus (linear type) compared with 14-15 per 
cent of that type in the general population. 

Luxemburger (20) showed a close correlation between leptosome 
habitus, schizophrenia and tuberculosis. 

Beneke (21) wrote: ‘The most definite and conclusive evidence indi- 
cates that the asthenic individual is frequently afflicted with hyper- 
thyroidism and tends to be predisposed to tuberculosis, nervous instabil- 
ity, dyspepsia and schizophrenia.” 
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Wheeler (22) described the two major human types with great clear- 

| ness. After listing details of physical morphology of the linear or 

asthenic type, he stated that they had a tendency to tuberculosis. 

| Correlations between body types and disease are obviously of practical 
interest. In the case of children it is impossible to make any study of 
body type without first segregating the material into age-sex groups 
year by year. Probably with adults a rough age-grouping may safely 

include ten-year periods, since age-changes are not especially marked in 


TABLE 1 
Mean body measurements 
2, 840 normal girls compared with 103 tuberculous girls by age 


5 
AGE AGE AGE AGE AGE AGE AGE AGE AGE AGE 
2%] «2 34 | 34 | 4 44 | St | St | 68 | 6 
Number of cases............ 2 |150 4 |148 5 |163 2 |164 | 10 /|170 j 
304 | 334 | 38 | 37.5) 41 | 40.5) 42 | 434 | 46 | 453 
Weight, pounds............. 22 | 26 | 33 | 33 | 354 | 37 | 403 | 42 | 414 | 47 
Ant.-post., thoracic, cm...... 12.2} 12.6) 14.1) 13.1] 13.5) 13.4] 13.5] 13.6) 14.3) 14.2 
Lateral, thoracic, cm......... 15.0) 15.6} 17.0) 16.1] 16.8) 17.2} 16.6) 17.4) 17.6) 17.9 
cad 12.4) 14.4) 16.0} 15.9} 16.7) 17.3) 16.5) 17.6} 18.0) 18.3 
Width-length index.......... 162 |171 |162 {158 [164 |161 {157 [159 
Head width, cm............. 12.8) 12.9) 13.5} 13.6) 13.4) 13.6) 13.5) 13.7) 13.3) 13.7 
16.4) 16.4) 16.5) 16.8} 16.8) 17.2) 17.2) 17.3) 17.0) 17.3 
Face, zygomatic, cm......... 10.2} 10.4; 9.8) 10.6) 10.0) 10.8) 10.6) 11.1] 10.6) 11.1 
Face height, cm............. 7.3) 7.8) 8.0) 8.1) 8.0) 8.9) 9.0} 9.0) 8.4) 9.3 
Interpupillary, cm........... 4.2} 4.5) 4.4 4.6) 4.5) 4.7] 4.6) 4.9) 4.8) 5.1 
Neck circumference......... 22.1} 23.0] 23.7) 23.8] 22.5) 24.9) 23.0} 24.9) 25.4) 25.5 
8.9) 8.9) 8.7} 9.0) 10.0) 9.2) 10.0) 9.9) 11.2) 10.7 


less than decade units. On the other hand, grouping children of various 
ages together overlooks the fact of growth in immature people. 

The anthropometric study of six thousand normal children inthe San 
Francisco Bay region demonstrated that there was continuity in the 
distribution of types of body-build with all variations from very slender 
to very broad builds classified in terms of width-length indices. The 
means and medians were almost identical, indicating a normal distribu- 
tion curve for the indices. 

In the present study the tuberculous children (107 boys and 103 girls) 
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TABLE 2 
Mean body measurements 
2,840 normal girls compared with 103 tuberculous girls by age 


TUBERCULOUS 
TUBERCULOUS 
TUBERCULOUS 
TUBERCULOUS 


> 


Number of cases 
Height, inches 

Weight, pounds 
Ant.-post., thoracic, cm 
Lateral, thoracic cm 
Bi-iliac, cm 
Width-length index 
Head width, cm 

Head length, cm 

Face, zygomatic, cm 
Face height, cm 
Interpupillary, cm 

Neck circumference, cm 
Neck length, cm 


Mean body measurements 
2,840 normal girls compared with 103 tuberculous girls by age 


TUBER- TUBER- TUBER- 
cutous | corous | NORMAL corous | NORMAL 


AGE AGE AGE AGE AGE 
124 124 134 144 144 


Number of cases 13/258 6 5 
Height, inches 58% | 584 | 60 62 
Weight, pound 79% | 89 872 924 
Ant.-post., thoracic, cm 17.0 | 16.7 | 17.5 
Lateral, thoracic, cm 22:0 | 22.1 | 23.5 
Bi-iliac, cm 23.3 | 24.1 | 24.5 
Width-length index 158 
Head width, cm 14.3 | 14.4 
Head length, cm 18.3 | 18.4 
Face, zygomatic, cm 11.5 | 11.9 
Face height, cm 10.0 | 10.5 
Interpupillary, cm 4 
Neck circumference, cm 29.5 
Neck length, cm 8 


29. 
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AGE AGE AGE AGE Le AGE AGE AGE AGE AGE 
74 74 8} 8} % 10} 10} 113 114 
13 1162 | 11 [173 8 |158 8 |232 8 |194 
_....| 474 | 474 | 493 | | 51 | 5241] 54 | 542] 56 | 573 
....-| 50 | 52 | 55 | 58 | 61 | 66 | 703 | 73 | 713 | 85 
| 15.0] 14.7] 15.2) 14.8) 15.2) 14.9) 15.0] 15.3] 15.8) 16.4 
18.2] 18.5} 18.9] 19.1) 19.7] 19.9) 20.3) 20.8) 21.0) 22.0 
18.6} 19.0} 19.6) 20.3) 19.9) 21.1) 21.0) 22.1) 22.5) 23.1 
.....{154 |156 159 |153 |159 |154 |160 |158 
13.5} 13.9) 13.8) 14.1) 14.2) 14.1) 14.2) 14.2) 14.1) 14.3 
16.7] 17.7) 17.0) 17.8) 16.7) 17.8] 17.2) 17.9) 17.3) 17.9 
10.8) 11.2) 11.2) 11.5) 11.3) 11.5) 11.3] 11.8) 11.2) 11.9 
q 9.2] 9.4) 9.1) 9.8) 9.8) 10.0) 10.2) 10.6) 10.4 
5.0] 5.2) 5.0) 5.2] 5.0) 5.2) 5.0] 5.4) 5.0) 5.6 
25.0) 27.2] 26.9) 27.3] 26.8) 27.5) 27.2) 28.3) 27.6) 29.0 
11.7] 11.0) 11.3) 11.2) 11.5) 11.2) 11.6 11.3) 12.6] 11.5 
TABLE 3 
| NORMAL 
183 | 8 {151 
63 624 | 63} 
114 {118 
8 | 17.8 | 17.8 | 17.9 
3 | 24.9 | 24.6 | 24.9 
0 | 25.8 | 25.6 | 26.2 
163 |161 /|164 
2 | 14.5 | 14.2 | 14.6 
6 | 18.5 | 17.8 | 18.6 
2 | 12.8 | 12.3 | 12.8 
4] 10.8 | 10.4 | 11.0 
S| 5.9] 5.4] 5.9 
8 | 31.2 | 32.0 | 32.1 
4 | 14.2 | 14.4} 14.2 
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represent a highly selected group characterized by definitely diagnosed 
pathological changes in the chest. They were resident in the San Fran- 
cisco Hospital tuberculosis wards, the Arroya Sanatorium, Del Valle 
the Santa Clara County Preventorium and Sanatorium, and in private 
homes. All had positive tuberculin skin reactions and, in addition, 
either positive sputum, positive stomach washings, or positive patho- 
logical processes demonstrated in their chest plates. 

The control group represents 6,000 healthy children of the same age- 
distribution, from the same geographical region, of the same racial stocks, 
and, as nearly possible, a random sample of the general population. 


TABLE 4 
Mean body measurements 
2,730 normal boys compared with 107 tuberculous boys by age 


TUBERCULOSIS, 
AGE 5} 
AGE 6} 


TUBERCULOSIS, 
AGE 6 


TUBERCULOSIS 
TUBERCULOSIS, 
AGE 3} 
TUBERCULOSIS, 
AGE 44 
NORMAL, 
AGE 4 
NORMAL, 


175 
46 
48} 
14.7 


Number of cases 
Height, inches 

Weight, pounds 
Ant.-post., thoracic, cm 
Lateral, thoracic, cm 18.8 
Bi-iliac, cm 18.5 
Width-length index 160 
Face, zygomatic, cm , .O} 11.4 
Face height, cm 9.8 
Interpupillary, cm 
Neck circumference, cm 26.6 
Neck length, cm 10.3 


’ The social economic status of both groups was conglomerate, since 
each included children from well-to-do homes and homes on relief. 
While all of the various economic levels of society were represented in 
both groups, it was impossible to match them evenly in this respect. 
The control was largely a general public-school population on whom 
there were no sociological studies available. The 176 tuberculous chil- 
dren who were seen in the various county sanatoria probably came from 
the lower social economic groups, and the 34 in private practice probably 
came from the upper level. 
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Examination of our data failed to find the so-called flat chest of tuber- 
culosis. In this series tuberculous girls had deeper chests than the normal 
population, since the mean anteroposterior diameters were larger than 
the means of the normal population. The mean anteroposterior diam- 
eters for the tuberculous boys tended to be greater than the means for 
the control group until adolescence when the normal group became 
greater. Lateral thoracic mean diameters of the tuberculous children, 
both boys and girls, were less than the means of the normal population. 
The preadolescent tuberculous children tended to have barrel-shaped 


TABLE 5 
Mean body measurements 
2,730 normal boys compared with 107 tuberculous boys by age 


AGE 8} 
AGE 94 
AGE 11} 


AGE 74 
TUBERCULOSIS, 


TUBERCULOSIS 
TUBERCULOSIS, 
TUBERCULOSIS, 
TUBERCULOSIS, 
AGE 10} 


Number of cases 
Height, inches 

Weight, pounds 
Ant.-post., thoracic, cm 
Lateral, thoracic, cm 
Bi-iliac, cm 
Width-length index 
Head width, cm 

Head length, cm 

Face, zygomatic, cm 
Face height, cm 
Interpupillary, cm 
Neck circumference, cm 
Neck length, cm 


chests compared to the normal population, since they were both narrower 
and deeper than the controls. Mean bi-iliac diameters were the same or 
smaller for the tuberculous groups compared with the normal population 
for both sexes. The width-length indices, by which we classify body- 
build, had consistently smaller mean values at all ages and for both 
sexes in the tuberculous group than in the normal control group. We 
believe that the tuberculous children therefore represented the linear 
type of build with smaller bones, and were more delicately made than 
average children of the normal population. 

Head-breadths tended to be less for the tuberculous children than for 
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the controls, while head-lengths were consistently less for the tuberculous 
group at all ages and for both sexes. 

Face measurements were smaller for the tuberculous children than for 
the controls, as demonstrated by zygomatic diameters, facial heights, 
and interpupillary-space means for both sexes. . Small heads and faces 
are consistent with small bodies, and this tends to confirm the finding of 
smaller trunk measurements in the tuberculous children. 

Necks tended to be longer and of smaller circumference for the tubercu- 
lous children than for the normal population. 


TABLE 6 
Mean body measurements 
2,730 normal boys compared with 107 tuberculous boys by age 


AGE 15} 


ACE 144 


TUBERCULOSIS, 
AGE 134 


Number of cases 
Height, inches 

Weight, pounds 
Ant.-post., thoracic, cm 
Lateral, thoracic, cm 


| rvBercvrosis, 


oan 


105 
20.0 
25.6 
25.0 

150 
14.6 
17.8 
13.0 
10.9 

5.6 
32.2 
13.5 


ooo 


Head length, cm 

Face, zygomatic, cm 
Face height, cm 
Interpupillary, cm 
Neck circumference, cm 
Neck length, cm 


wore 
Aowmoono 


There were very small deviations in height, the means for the tubercu- 
lous children alternating above and below the means for the normal 
population for both boys and girls. Since there were no consistent 
differences in height between tuberculous and nontuberculous children, 
the consistently smaller diameters of the tuberculous children are of more 
importance as indicative of linear type of body-build. 

The tuberculous children were quite consistently below the controls in 
weight, but when their slender body-builds were taken into consideration, 
their relative nutrition was just as good. 

Opie and McPhedran (24) stated that tuberculous children may be 
overweight, average-weight, or underweight. Halford (25) found body- 
weight of no significance among children with positive tuberculin reac- 
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tions. No essential differences were noted in bodily development among 
94 nontuberculous, 82 occult, 38 pulmonary, and 56 otherwise manifest 
cases of tuberculosis in children from ages 3 to 16 years. The Pirquet 
body-index showed no interference with body-growth among the tubercu- 
lous children. Among the cases of pulmonary tuberculosis there were 
many more with narrow chests than among other groups. 

Hetherington (26) wrote that weight below normal is not more fre- 
quently found in children in whom “latent” tuberculous infections are 
shown by sensitiveness to tuberculin than in those showing no skin 
reaction. 

There is no evidence of underweight in children with “latent” tubercu- 
lous nodules of the lungs demonstrated by X-ray. 

In children 1-5 per cent underweight “latent’”’ tuberculosis of tracheo- 
bronchial lymph nodes is more common than in other children. Tracheo- 
bronchial tuberculosis is seldom associated with great loss in weight and 
is probably not the cause. (Comment: these children probably represent 
linear types of body-build and possibly weigh what they should for their 
build.) 

A small group of cases indicates that “latent” apical tuberculosis of 
adolescence in some instances causes moderate loss of weight, but the 
infection may occur with no loss of weight. 

Underweight has little or no value in the diagnosis of “latent’’ tubercu- 
lous infection. 

Love (27) stated that by judicious use of weight and height he could 
establish zones of comparative safety and danger from tuberculosis. The 
probability of pulmonary tuberculosis being found in a young man 
increases rapidly as we pass from the short overweight zones to the tall 
underweight ones. Pulmonary tuberculosis occurs much more frequently 
among tall underweight young men than among short underweight ones. 
Love’s study was limited to the selective service-men who went to 
military camps between September, 1917, and April, 1918. 

Myers and Scammon (28) at Lymanhurst School and Preventorium 
(Minneapolis) found between one-half and two-thirds of the children 
below the typical height-weight index for age, and about two-thirds 
below the typical index for height. 

Later, Scammon and Petter (29) studied 2500 children at Lymanhurst, 
and found that these children in general were equal to, or slightly above, 
the usually quoted norms for stature for age and only moderately below 
these norms for weight for age. However, the group was distinctly 
below the norms for weight for stature and for weight for stature for age. 


q 
ia 


356 HELEN BRENTON PRYOR AND HELENA MATHIASEN 


Spaulding (30) made a study of the height and weight of children with 
the first-infection type of tuberculosis with lesions demonstrable by 
X-ray. She concluded that there was no tendency to retardation, and 
average growth in height and weight was true of the group. 

Fishberg (31), in discussing growth in tuberculosis, said, “When the 
disease is active in the formative age it usually retards physical develop- 
ment, so that a stigma of infantilism is common in young tuberculosis 
subjects. He feels that tuberculosis retards growth in height when 
attacking children under twelve years of age, enhances it when attacking 
adolescents between fourteen and twenty years of age, and has no effect 
on stature of adults in whom growth of skeleton is finished. 


CONCLUSIONS 


1. Folklore has always associated tuberculosis with slender body form. 

2. Age and sex must be held constant in making any morphological 
study of body type in children. 

3. A consistent variation from average toward slender build was 
demonstrated for 210 tuberculous children compared with 6,000 healthy 
children of the same ages from the same region. 

4. Width-length indices used to classify body-build had consistently 


smaller mean values at all ages from 2 to 16 years and for both sexes in 
the tuberculous group than in the normal control group. 

5. Head and face measurements were consistently smaller for the 
tuberculous group than for the controls. 

6. Necks tended to be longer and of smaller circumference for the 
tuberculous children than for the normal population. 

7. The preadolescent tuberculous children tended to have barrel- 
shaped chests compared to the normal population. 

8. There were no consistent differences in height between tuberculous 
and nontuberculous children. 

9. The tuberculous children were consistently below the controls in 
weight, but when their slender body builds were taken into consideration, 
their relative nutrition was just as good. 


The authors are indebted to Drs. Pierson, Riley, Dickey, Bush, Ianne, and the resident 
staffs in charge of the various groups studied, for generous codperation. 
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THE DISAPPEARANCE OF SPECIFIC SKIN HYPERSEN- 
SITIVENESS IN TUBERCULOSIS 


A Report Based on 80 Cases! 
M. PARETZKY 


It has been known for a long time that tuberculoallergy pursues a 
markedly variable course with a tendency both to rise and to decline. 
The decline of allergy, sometimes to complete disappearance, as mani- 
fested by the respective changes in the previously positive tuberculin 
reactions, has been described by different authors. Austrian (1), Krause 
(2), Lees and Myers (3), Heimbeck (4), Geer (5), Opie and McPhedran 
(6), have observed this phenomenon in the clinic. Willis (7) has studied 
the waning of cutaneous hypersensitiveness in experimental animals. 

It was only natural that we should have encountered the same phenom- 
enon in the chest clinics of the Los Angeles County Health Department 
in which a large number of patients has been handled and tuberculin 
testing widely applied. 

Krause (8) has stated that “allergy follows a quantitative and qualita- 
tive curve, that is, one of degree and intensity, which is roughly parallel 
with the development and progression or retrogression of infection.” 

According to this conception, the disappearance of specific skin hyper- 
sensitiveness, at least in the cases of the type reported here, has been the 
result of retrogression of infection, presumably after a successful counter- 
attack of the forces of immunity of the infected organism. Accepting 
this interpretation as a reasonable explanation of the observed phenom- 
enon, we have felt that a detailed study of the cases, in which the disap- 
pearance of specific skin hypersensitiveness has occurred, would probably 
be of value. We have felt that facts of this nature would throw some 
additional clinical light on the action of immunity and on the relationship 
between allergy and immunity. 

With these objectives in view we have proceeded to collect and to 
observe cases showing the disappearance of specific skin hypersensitive- 


1 From the Tuberculosis Division of the Los Angeles County Health Department, Los 
Angeles, California. 
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ness. (For the sake of abbreviation we shall call the condition from now 
on hypersensitiveness.) 


METHOD OF PROCEDURE 


Reviewing the methods of tuberculin-testing as applied by the above 
writers we have noticed there has been no uniformity in their technique. 
Austrian (1), Krause clinically (2), Heimbeck (4), have applied the 
cutaneous (Pirquét) test. Geer (5), Opie and McPhedran (6) used 
consecutive doses of tuberculin by the intracutaneous (Mantoux) test, 
raising the dose, if necessary, to 1.0 mgm. of tuberculin; while Lees and 
Myers (3) have applied to different groups of the tested individuals both 
methods—cutaneous and intracutaneous. Willis (7) has applied, as far 
as we could determine from the figures given by him, a dose of 1.275 mgm. 
of tuberculin intracutaneously. He has reported that, by increasing the 
dose 5 times (to 6.375 mgm.), he has observed an appearance of a positive 
skin reaction. It seems clear to us from this observation by Willis that 
the findings of the other writers could have been justly questioned; per- 
haps at least a part of the cases reported by them would have shown 
positive skin reactions on the application of larger doses. 

We have chosen, therefore, a different technique. If a patient with a 
previous positive tuberculin record or with any other evidence of a pre- 
existing tuberculous infection, as, for instance, calcified primary nodules 
demonstrated radiographically, has failed to react to 0.1 mgm. of tuber- 
culin applied intracutaneously, we would apply 1.0 mgm., while on a 
second negative reaction 10.0 mgm. would be used. We are aware of the 
fact that still higher doses (50.0 mgm. of tuberculin) have been used by 
some workers. 

However, we have had observations on a considerable number of non- 
tuberculous subjects and have found that a great majority of them have 
reacted to small doses of tuberculin—0.001 mgm. The same observa- 
tions on active and arrested cases of different types of tuberculosis have 
brought out the significant fact that at least 25 per cent of the patients 
of these categories have reacted to an even smaller dose—0.000,01 mgm. 
of tuberculin. We hope to have in the future the opportunity to report 
these findings in detail. In the present work we have cited them for the 
benefit of comparison: 10.0 mgm. of tuberculin, a dose of 10,000 and 
1,000,000 times respectively more potent than those just mentioned, is in 
reality an exceedingly large dose. ‘Therefore, in our opinion, a negative 
reaction to this very high dose could have been safely accepted as a 
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satisfactory proof of the disappearance of hypersensitiveness. We have 
endeavored to recheck these patients every six months; the described 
procedure has been repeated on every recheck. On reading, a tuberculin 
reaction has been considered positive if both the typical oedema and red- 
ness have been present at the end of 48 hours. Special attention has 
been paid to possible delayed positive reactions. In some cases, espe- 
cially after the application of 10.0 mgm. of tuberculin, redness alone 
without oedema has been present. Such reactions have been inter- 
preted as negative. 

The nursing personnel which has done the readings of the reactions has 
been well trained and experienced in this particular field. We have had 
all the assurance that the readings have been sufficiently accurate within 
reasonable limits required to establish the authenticity of the collected 
data. 

Commercial Old Tuberculin, a product of the same firm, has been used 
throughout the entire work. 


GENERAL STATISTICS 


We have collected and followed up during the period between June, 
1933, and April, 1935, eighty cases, members of 67 families. 


We have also encountered a considerable number of other cases in 
which hypersensitiveness has declined to the extent that only the higher 
doses, 1.0 and 10.0 mgm. of tuberculin, have resulted positively. But, 
for reasons mentioned previously, these cases have not been included in 
the present survey. Had we counted those also, the total number re- 
ported here would have been considerably higher. 

Geer (5) has reported that 10 of more than 400 formerly positive re- 
actors followed up by him have given negative reactions later; that is, 
about 2.5 per cent of the total number. Austrian (1) has not reported 
estimates similar to Geer’s, but has indicated the proportion of his cases 
found in 1920 among the 97 cases which had had tests made and recorded 
on repeated occasions, as 10.31 per cent of the total number. 

Unfortunately, we have not been in a position to follow the example of 
Geer and to present the exact percentage of our cases in relation to the 
total number of all cases which had had positive tuberculin reactions 
during the period of time when the tuberculin records of our cases have 
been started and continued. Such computation has been entirely 
impossible for technical reasons, at least for the time being. 

We have only been able to report here that during the year, July 1 
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1933, to June 30, 1934, we have seen in our clinics approximately 1,002 
positive tuberculin reactors, and that during the same period of time we 
have found 59 cases (out of the total 80) which have lost their hyper- 
sensitiveness. The relative proportion of these two groups would 
consequently be close to 5.9 per cent. However, we have realized that 
the value of this kind of estimation has been greatly inferior to the one 
given by Geer (5), which certainly has been the only exact one. 

The racial distribution of our 80 cases has been (1) whites, 38, or 47.5 
per cent; (2) Mexicans, 38, or 47.5 per cent; and (3) Japanese, 4, or 5 per 
cent. 

The sex distribution has been (1) females, 48, or 60 per cent; and (2) 
males, 32, or 40 per cent. 

These race and sex proportions have been maintained with only slight 
variations throughout different age-groups. 

The cases have been distributed according to age as follows: Age- 
group up to 4 years inclusive, 9, or 11.2 per cent; from 5 to 9 years in- 
clusive, 30, or 37.5 per cent; from 10 to 14 years inclusive, 29, or 36.3 per 
cent; from 15 to 19 years, inclusive, 8, or 10 per cent; and, from 20 years 
and over, 4, or 5 per cent. The age-groups from 5 to 9 years inclusive, 
and from 10 to 14 years inclusive, have supplied the largest numbers of 


the cases. Up to very recently it has been the practice of the chest 
clinics of the Los Angeles County Health Department to apply tuberculin 
tests to children up to 15 yearsonly. Therefore, it has been only natural 
that the older children, with longer tuberculin records, have supplied the 
largest numbers of the cases of disappearance of hypersensitiveness. 


TIME FACTOR 


The length of time between the dates of the first and of the last tuber- 
culin tests (or the total tuberculin record) has varied in our cases from a 
minimum of 1 year, 17 days, to a maximum of 5 years, 5 months, 6 days, 
with an average of a fraction of a day short of 3 years. 

In 21 cases we have had an opportunity to follow up the complete 
cycle of the skin tuberculin reactions, from an initial negative reaction to 
0.1 mgm., through a positive reaction to the same dose, and ending with a 
negative reaction to 10.0mgm. The following figures have depicted the 
duration of this cycle: a minimum of 1 year, 7 months, 16 days; a maxi- 
mum of 4 years, 7 months, 4 days; an average of 2 years, 10 months, 29 
days. 

The length of time between the dates of the first positive and the first 
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negative reactions to 0.1 mgm. of tuberculin has also varied considerably, 
—from a minimum of 3 months, 17 days, to a maximum of 3 years, 9 
months, 3 days, with an average of 1 year,5 months. These calculations 
have disclosed the fact that, as a rule, the known hypersensitiveness has 
not existed prior to its disappearance in the reported cases for a more or 
less prolonged period of time. Of course, we must keep in mind that we 
could have had only approximate figures in this regard as undoubtedly 
hypersensitiveness must have existed before it has been revealed by a 
positive skin test, and that its disappearance has probably actually 
occurred before it could have been registered by a negative skin test. 

A mere glance at all above time computations could have revealed 
quite clearly the relative rapidity with which the phenomenon of the 
disappearance of hypersensitiveness has been developing. 

We could have only a rather approximate idea qbout the length of time 
during which hypersensitiveness has been absent. We have found it 
advisable to divide this period into two parts. We have named the first 
part, extending from the date of the first negative reaction to 0.1 mgm. of 
tuberculin to the date of the first negative reaction to 10.0 mgm., “the 
period of the possible absence of hypersensitiveness.” Its minimum has 
been 6 days; maximum, 2 years, 7 months, 26 days; average, 4 months, 
212 days. 

Naturally, we have not been able to know whether hypersensitiveness, 
which during this first period has been absent on the application of lower 
doses of tuberculin, would have continued to be absent also on the 
application of 10.0 mgm. of tuberculin. 

We have named the second period, between the dates of the first and of 
the last (on recheck) negative reactions to 10.0 mgm. of tuberculin, “the 
period of the proved absence of hypersensitiveness.”’ Still, we must 
state that even this period could not have been estimated exactly, as at 
least in some of the cases hypersensitiveness must have disappeared before 
this has been revealed by a negative reaction to 10.0 mgm. of tuberculin. 
We have obtained figures for this period in 39 cases, with a record of more 
than one negative reaction to 10.0 mgm. of tuberculin. The minimum 
of this period has been 3 months, 27 days; the maximum, 1 year, 7 
months, 7 days; the average, 10 months, 213 days. Taking into con- 
sideration the relatively short time during which our investigation has 
been conducted (somewhat less than two years), we have felt that the 
average duration of the period of the proved absence of hypersensitive- 
ness has been quite prolonged. 
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In three of our cases we had findings which supplied the information 
regarding the tempo with which the process of the disappearance of 
hypersensitiveness pursued its course. In one of them there was, after 
the first positive reaction to 0.1 mgm., a negative one to the same dose 
followed by a positive reaction to 1:0 mgm. On the next recheck nine 
months later this last dose and the higher, 10.0 mgm., were both nega- 
tive. In two other cases there were intermediate positive reactions to 
10.0 mgm. which changed into negative ones 1 year, 1 month, 15 days, 
and 8 months, 3 days later, respectively. Though not rich in numbers, 
these three cases were rich in food for thought. They indicated clearly 
that the disappearance of hypersensitiveness was not a sudden but rather 
a gradual process. And if this observation was limited to three cases 
only and no other cases yielded similar information, we felt that it was 
perhaps due to the unfavorable timing of the tale telling applications of 
tuberculin. 


THE FACTOR OF INFECTION 


We feel that any study in the field of epidemiology of tuberculosis must 
take into consideration the details of exposure to infection; no findings 
can be accepted as conclusive if this kind of analysis has been neglected. 


We have endeavored, therefore, to investigate the histories of the patients 
responsible for the spread of the tuberculous infection among our cases. 

As we have previously said, our 80 cases belonged to 67 families. The 
source of infection has remained unknown in 18 families with 19 cases, or 
in 23.75 per cent of the total; different relatives have been responsible for 
the spread of infection among 49 families with 61, or 76.25 per cent, of 
our cases. Of these, mothers have been the most frequent spreaders of 
infection ; mothers alone, in 13 families with 14 cases; mothers and sisters, 
in 2 families with 2 cases; fathers alone, in 11 families with 15 cases; both 
parents, in 2 families with 3 cases. Sisters, brothers, aunts, uncles, 
cousins, second cousins and a fiancé have been encountered among the 
infecting cases. 

In the families in which the source of infection has been known, the 
diagnosis of the infecting cases has presented the following picture: 
questionable as to tuberculosis, in 3 cases; pleural effusion, in 1 case; 
calcified primary nodules, in 2 cases; minimal pulmonary tuberculosis 
arrested, in 6 cases; minimal pulmonary tuberculosis active, in 8 cases; 
moderately advanced tuberculosis active, in 6 cases; far advanced active, 
in 19 cases. There has been a record of more than one infecting case in 
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16 cases; we have had in this category in each instance one or more cases 
of active pulmonary tuberculosis in each family. 

This detailed analysis has shown very clearly that 41, or more than 51 
per cent, of our cases have contracted their first infection from patients 
who certainly could have been regarded as spreaders of considerable 
infection. 

We have had a record of an eventual death from tuberculosis among 
the infecting patients in 24, or 30 per cent, of our cases. 

There have been reports of positive sputum, expectorated by the 
spreaders of infection, in 18, or 22.5 per cent, of all our cases. 

The general impression has undoubtedly been that the cases in which 
the disappearance of hypersensitiveness has developed have been to a 
great degree exposed to quite considerable doses of tuberculous infection. 

It has become also evident that the exposure, while it has lasted, has 
certainly been very close and intimate, originating, as we have seen, 
mostly within the narrow confines of the immediate family. 

In 33, or 41.25 per cent, of all cases, the exposure to infection has been 
interrupted before the disappearance of hypersensitiveness. In 19, or 
23.75 per cent, of all cases the source of infection has remained unknown, 
or, in other words, the exposure to infection has been only accidental and 
has been interrupted very early. If we add up these two groups we shall 
get a total of 52 cases, or 65 per cent of all cases, in which the disappear- 
ance of hypersensitiveness has developed only after the removal of the 
source of infection. 

However, the interruption of the exposure has not always been a 
conditio sine qua non. The disappearance of hypersensitiveness has 
occurred in 4 cases, or 5 per cent, of the total in which the exposure has 
been sporadic but frequently repeated. In 3, or 3.75 per cent, of the cases 
the exposure has been interrupted for a while and then again resumed; it 
is interesting that in one of these cases the infecting patient has had 
repeated haemorrhages about a month before the skin tuberculin reaction 
to 10.0 mgm. in the studied case, which was exposed at that time, became 
negative. In 18, or 22.5 per cent, of the cases the exposure to infection 
had never been interrupted. We feel that this last category has certainly 
been worthy of a more detailed analysis. 

The diagnosis of the infecting patients of this group was as follows: 

Calcified primary nodules, 1 case. Minimal pulmonary tuberculosis 
arrested, in 7 cases. Two patients with arrested pulmonary disease, one 
of them with a record of positive sputum in the past, before the arrest of 
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the disease, 2 cases. Minimal pulmonary tuberculosis active, 3 cases. 
Moderately advanced pulmonary tuberculosis, active, with record of 
positive sputum, 2 cases. Far-advanced pulmonary tuberculosis, 1 
case; in this instance there has been a history of a profuse haemorrhage 
three months previously to a negative reaction to 10.0 mgm. of tuber- 
culin in the respective exposed case. More than one spreader of infection 
with active pulmonary tuberculosis, 2 cases. 

As we have stated before, in three cases, or 3.75 per cent, of the total 
questionable tuberculosis only has been present in the respective families. 
In one of these cases the exposure has never been interrupted; in two 
cases it has been irregular and not frequent. 


HEREDITARY FEATURES OF IMMUNITY 


The 80 cases of disappearance of hypersensitiveness have been distrib- 
uted among the 67 families as follows: in 56 families there has been one 
case in each family; in 9 families, two cases in each; in 2 families, three 
casesineach. In other words, in 11 out of 67 families, or in 16.4 per cent 
of the total, there has been more than one case of disappearance of hyper- 
sensitiveness. Such a comparatively large percentage has led us to regard 
this occurrence more than a mere coincidence. We have interpreted this 


observation as a manifestation of the factor of heredity in the action of 
immunity. 

This conclusion has been confirmed by the fact that, out of the total of 
these 11 families, in 7, or in 63.6 per cent, the disappearance of hyper- 
sensitiveness has occurred simultaneously. Especially demonstrative 
has been the simultaneous disappearance of hypersensitiveness in every 
case belonging to the 2 families with three cases in each family. In 2 
families, or in 18.1 per cent of the total, the disappearance has probably 
been simultaneous. It has probably not been simultaneous, and has 
proved to be not simultaneous in 1 family, or in 9.05 per cent only, in 
each instance. 

We have also studied the tuberculin records of all other members of the 
67 families. Some of them have had positive initial tuberculin reactions; 
some, negative initial tuberculin reactions. We have named them 
“positive controls’ and “negative controls,” respectively. A more 
detailed analysis of these controls will be presented in a later part of this 
paper. We wish to report here that all 5 retested “negative controls,” 
members of some of the families in which the hereditary features of 
immunity have been observed, have remained negative on follow-up. 
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This 100 per cent record has not been observed in the entire group of the 
“negative controls.” We feel that in a way this fact has been indicative 
of the same hereditary influences of immunity, continuing their work 
among the other members of the 11 families analyzed here. 

The “positive controls” of the 11 families have not displayed any 
evidence of a more efficient function of immunity than the same controls 
of the remaining 56 families. However, we have found some interesting 
data in the entire group of all “positive controls.’’ Out of 71 “positive 
controls,” in which tuberculin testing has been repeated, 9, or 12.66 per 
cent, though still remaining positive to 0.1 mgm. of tuberculin, have 
shown a decrease of the intensity of the reaction; and 8, or 11.12 per cent, 
have proved to be negative to 0.1 mgm., though positive to higher doses 
of tuberculin. 

It must be kept in mind that in each of the 67 families there have been 
cases of a complete disappearance of hypersensitiveness described above. 
Therefore, the additional evidence of the decline of hypersensitiveness in 
the “positive controls” has been accepted by us as a manifestation of 
hereditary features of immunity which has revealed its action in more 
than one member of the same family. 

However, we have been aware of the fact that hereditary tendencies 
could have been detected only in the minority of the studied families. 
In a greater proportion of them we have not been able to find more than 
one case with a demonstrable decline of hypersensitiveness. For the 
majority of the reported cases it has remained true that the ability to 
reduce hypersensitiveness has been a purely individual feature. 


INFECTION AND HYPERSENSITIVENESS IN THE 80 CASES 


Of the 80 reported cases, 62, or 77.5 per cent, of the total, have been 
diagnosed on first examination as nontuberculous; 1, or 1.25 per cent, had 
roentgenological findings of heavy bronchial markings; 2, or 2.5 per cent, 
were cases of pleural effusion; 4, or 5 per cent, of calcified primary nodules; 
3, or 3.75 per cent, of tracheobronchial tuberculosis arrested; 1, or 1.25 
per cent, of tracheobronchial tuberculosis active; 3, or 3.75 per cent, of 
minimal pulmonary tuberculosis arrested; and 4, or 5 per cent, of minimal 
pulmonary tuberculosis active. 

On follow-up it was brought out that all cases without exception, in 
which any evidence of active disease had been found at all, became 
arrested. In both cases of pleural effusion a complete absorption had 
taken place. The nontuberculous cases and the ones with findings 
typical of arrested tuberculous disease have not displayed any changes. 
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On the whole, only in a small portion of the 80 cases has the tubercu- 
lous infection succeeded in making any progress at all. Even in those 
cases it has not progressed far and has been defeated in a comparatively 
short time. The natural resources of immunity have demonstrated their 
efficiency very convincingly. 

There has been no record of an initial positive tuberculin reaction in 2 
cases, or in 2.5 per cent of the total. We have accepted, as an evidence 
of the existence of a previously implanted tuberculous infection, the 
findings of calcified primary nodules demonstrated radiographically in 
both cases. 

In 10 cases, or in 12.5 per cent, we have had a record of more than one 
positive tuberculin reaction prior to its change into a negative one. The 
length of time between the first and the last positive tuberculin reactions 
was as follows: a minimum of 3 months, 27 days; a maximum of 2 years, 
2 months, 15 days; an average of 1 year, 1 month, 14 days. In 68 cases, 
or in 85 per cent, there was a record of one initial positive tuberculin 
reaction. 

The analysis of the initial tuberculin reactions has given the following 
data: 

The cutaneous test, human and bovine (Detré), was used on first appli- 
cation in 1 case, or in 1.25 per cent, in each instance. 

The intracutaneous (Mantoux) test of 0.001 mgm. and of 0.01 mgm. 
per dose,—in 1 case, or 1.25 per cent, in each instance. 

The intracutaneous (Mantoux) test of 0.1 mgm. per dose,—in 73 cases, 
or in 91.25 per cent. 

The intensity of the reactions in these 73 cases has been interpreted as 
slightly positive in 6, or in 7.5 per cent; as positive in 25, or in 31.25 per 
cent; as one plus in 26, or in 32.5 per cent; as two plus in 12, or in 15 per 
cent; as three and as four plus in 2 cases, or in 2.5 per cent, in each 
instance. 

As it has been stated previously, we have endeavored to retest our 
cases as in the course of time they have become negative to 10.0 mgm. of 
tuberculin. 

In 29 cases, or in 36.25 per cent, the retesting has not been possible for 
different reasons. 

In 1 case, or in 1.25 per cent, there was a negative reaction on recheck 
to 1.0 mgm. of tuberculin; the patient refused to return for retesting with 
the dose of 10.0 mgm. 

In 33 cases, or in 41.25 per cent, the reaction remained negative on 
retesting. 
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In 11 cases, or in 13.75 per cent, the reaction again became positive on 
first recheck. In 6, or in 7.5 per cent, the reaction remained negative on 
first recheck but again became positive on second recheck. Altogether, 
hypersensitiveness reappeared in 17 cases, or in 21.25 per cent. 


THE REAPPEARANCE OF HYPERSENSITIVENESS 


Willis (7) has demonstrated the presence of hypersensitiveness in some 
of his experimental animals many months after they have supposedly 
lost the ability to react to tuberculin. However, his technique, both on 
initial tuberculin testing and on retesting, has been quite different from 
ours. Also, the mode in which guinea pigs react to tuberculin has been 
known to differ from the reaction in human beings. Closely comparable 
results from his work and from our report could hardly have been ex- 
pected. As we have stated, the reappearance of hypersensitiveness (for 
the sake of abbreviation we shall call it from now on, “reappearance”’) 
has occurred in 17 cases, or in 21.25 per cent of the total. However, the 
number of cases with reappearance ought undoubtedly be considered as a 
higher one, since more than one-third of our cases have not been retested 
altogether. 

The proportion of the number of these cases to the number of the others 
in which hypersensitiveness has remained absent has been 17:33, or 
approximately 1:2, which is certainly quite a high proportion. In other 
words, the disappearance of hypersensitiveness could not have been con- 
sidered as a very stable phenomenon. 

Only four of the 17 cases in which reappearance has taken place have 
been retested after reappearance; three have been found still positive to 
tuberculin; one has been negative to a dose of 0.1 mgm., with a further 
follow-up not completed. 

For the 11 cases in which reappearance has become evident on first 
retesting, the length of time between the first negative reaction to 10.0 
mgm. of tuberculin and the following positive on retesting has varied 
from 5 months to 8 months. It has been realized that we have not been 
able to establish how long these 11 cases have actually remained free from 
hypersensitiveness. 

For the other 6 cases, in which reappearance has manifested itself on 
second retesting, the length of time of the absolutely proved absence of 
hypersensitiveness, or, in other words, the period of time between the 
first and the last negative reactions to 10.0 mgm. of tuberculin, has varied 
from a minimum of 6 months, 14 days to a maximum of 10 months, with 
an average of 7 months, 224 days. 
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We have endeavored to trace the course of hypersensitiveness in 11 
families with more than one case in each. As the reader perhaps re- 
members, we have seen some manifestations of hereditary immunity in 
these families, during the phase of the disappearance of hypersensitive- 
ness. We have been asking ourselves whether the same hereditary 
tendency could have shown its influence during another phase of the 
evolution of hypersensitiveness, during the disappearance. Of the 11 
families, 4 with 8 cases have not been retested. Hypersensitiveness has 
reappeared in all cases,—in 2 families with 4 cases. It has reappeared 
in one case, and has remained absent in another case or in other cases,— 
in 4 families with 10 cases. It has reappeared in one case, while the 
other has not been retested,—in 1 family with 2 cases. 

As it may be seen, this group of families, with more than one case in 
each, has been more unstable in regard to the reappearance of hyper- 
sensitiveness than the families with one case in each. In the majority 
of the cases of this group there has been no parallelism during this phase 
of the course of hypersensitiveness in different members of the same 
families. 

All workers in the field of tuberculosis have been accustomed to asso- 
ciate the positive tuberculin reaction with tuberculous infection. It has 
been only logical for us to attempt a reinvestigation of the infection angle 
in the 17 cases in which reappearance has taken place. 

What kind of reinfection has been responsible for the reappearance of 
hypersensitiveness?>—the exogenous, resulting from an exposure to some 
other infecting cases, or the endogenous, the original infection of the 
infected cases, which has been once defeated and has now staged a 
“comeback?” 

If we accept the possibility of the endogenous source we shall thereby 
advance the thought that in some of the reported cases the disappearance 
of hypersensitiveness has not been accompanied by a complete eradica- 
tion of the implanted infection. We shall have to assume that in these 
cases infection has been temporarily held in abeyance, but later has 
regained some of the lost ground. 

Admitting the other possibility, that of the exogenous source, we shall 
thereby assert that in some of the cases the disappearance of hypersensi- 
tiveness has meant a perfect annihilation of infection. We shall be 
compelled, consequently, to assume that in these cases reappearance could 
have been the result of a second crop of infection introduced again after 
the first crop has been destroyed. In other words, for all practical pur- 
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poses, we shall have to maintain that these cases have been subjected to a 
repeated implantation of the primary infection. 

Willis (7) has demonstrated the presence of hypersensitiveness in his 
experimental animals after an exogenous reinfection. 

Austrian (1) has suggested that either source of reappearance has been 
possible. 

In our cases we have had the following data in regard to the exposure 
to the old infection which has caused the initial positive tuberculin 
reactions: 

The source of infection was unknown in 3 cases. The exposure was 
interrupted before the disappearance of hypersensitiveness in 8 cases. 


TABLE 1 


Relationship of the exposure to reinfection of the cases in which hypersensitiveness has reappeared 
and of the cases in which hypersensitiveness has not reappeared 
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An irregular frequent exposure occurred in 3 cases. The exposure was 
never interrupted in 3 cases. Altogether, exposure to the old infection, 
in one form or in another, was present in 6 cases; out of them, in 4 cases 
to patients with active pulmonary tuberculosis; in 2 cases to patients 
with an arrested pulmonary disease. 

There was a definite history of exposure to new possible sources of rein- 
fection in 2 cases, in both to patients with arrested pulmonary tubercu- 
losis; in one instance we were able to establish very definitely that there 
had been a flare-up of activity in the supposedly arrested patient shortly 
before reappearance occurred in the exposed case. 

Thus, we have had a definite history of an exposure to an exogenous 
reinfection in 8 cases, and just as definite an absence of such exposure in 
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9 cases. In other words, in this regard the 17 cases have been divided 
almost evenly. 

Trying to compare the influence of the factor of exposure to reinfection 
in the cases in which hypersensitiveness has reappeared and in those in 
which it has not, we have compiled some data presented in table 1. 

It is evident from these data that there was somewhat more exposure 
to reinfection in the group with reappearance of hypersensitiveness than 
in the group in which hypersensitiveness did not reappear. In a way, 
this comparison could suggest that the exposure to exogenous reinfection 
must have played some réle in the recurrence of hypersensitiveness. 

In the light of the opinion of other workers and of our own experience 
we think that both kinds of reinfection, exogenous and endogenous, 
could have been instrumental in causing reappearance. 


THE NONREAPPEARANCE OF HYPERSENSITIVENESS 


We have presented in table 1 general figures illustrating the degree of 
the exposure of 33 cases in which hypersensitiveness has remained absent 
on further retesting. 

We feel that some detailed information would be of interest. We have 
selected 4 cases in which certain details have attracted our attention. 


Case 20: There were 3 infecting cases in this family. Their respective diag- 
noses were (1) moderately advanced pulmonary tuberculosis, active, compli- 
cated by tuberculous keratitis, iridocyclitis, iritis; (2) moderately advanced 
pulmonary tuberculosis, active; and (3) minimal pulmonary tuberculosis 
arrested. The patient in which hypersensitiveness had disappeared had been 
in contact with all three above patients when a recheck with 10.0 mgm. of 
tuberculin gave again a negative reading; has remained negative for 5 months, 
10 days. 


Case 26: The infecting case was the mother, with a diagnosis of minimal pul- 
monary tuberculosis, active. A child, in constant contact with her, had a 
record of a negative reaction to 10.0 mgm. of tuberculin for 9 months. 


Case 47: Mother was a case of minimal pulmonary tuberculosis, active, and 
showed a definite increase of infiltration, while a child in spite of the constant 
exposure became negative to 10.0 mgm. of tuberculin and remained so for 7 
months. 


Case 52: A brother died of tuberculosis. A child was exposed constantly from 
the first day of his illness, except for a short period of 3 months when the 
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brother stayed in a sanatorium; however, he returned home and died there, 
Our case had a negative reaction to 10.0 mgm. for a period of 11 months, 7 days. 


We wish to reiterate that these have been the cases in which hyper- 
sensitiveness disappeared and has never reappeared. The length of time 
reported was the period between the first and the last up-to-date nega- 
tive reactions to 10.0 mgm. of tuberculin. 

These short histories illustrate clearly the high efficiency of the factor 
which has been responsible for the disappearance of hypersensitiveness in 
them. The exposure to reinfection, though to a lesser degree, was also 
present in some other cases of this group. 

We feel that we have been justified in assuming that hypersensitiveness 
has remained obliterated in all 33 cases in which we obtained negative 
reactions to 10.0 mgm. of tuberculin on retesting. 

The respective figures for the length of time during which hypersensi- 
tiveness was undoubtedly absent were a minimum of 3 months, 27 days, 
a maximum of 1 year, 7 months, and an average of 10 months, 9} days. 


THE STATUS OF IMMUNITY IN THE RETESTED CASES 


We have endeavored to repeat X-ray rechecks in all cases in which a 
reappearance of hypersensitiveness has occurred. Only a few of the 17 
cases have not kept their X-ray appointments. There have been no 
findings suggestive of any newly developed tuberculous pathological 
changes in the cases in which X-rays have been repeated. 

We have X-rayed only one of the 33 cases in which hypersensitiveness 
has not reappeared, but have discontinued this procedure in the rest of 
the cases for financial reasons. We have felt that the mere fact of the 
sustained absence of hypersensitiveness could be considered as a sufficient 
proof of the absence of reinfection. 

We are convinced that there is ample evidence of the fact that immu- 
nity, which has displayed its efficiency in our cases in the earlier stages 
of the observation, has continued its function of warding off infection in 
all cases later also regardless of whether hypersensitiveness has or has 
not reappeared. 

However, one must admit a possibility of exceptions in this regard. 
We encountered a case of this kind which we have deemed necessary to 
report here briefly. 

E. C., a Mexican, born in 1914, was exposed to a brother and to a sister, both of 


whom were placed in a sanatorium on May 5, 1930. The brother has remained 
in the sanatorium up to date, and has visited the family on rare and short 
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occasions only. The sister returned home on October 17, 1933, after a sup- 
posedly successful thorocoplastic operation. Two X-ray films, taken on Jan- 
uary 12 and August 31, 1934, have revealed a fairly satisfactory collapse in the 
midportion and a good collapse in the apex of the left lung. X-ray films taken 
previously to the admission to the sanatorium have shown several cavitations 
scattered throughout the entire left upper lobe. The remainder of the left lung 
which has been visualized has appeared to be clear. The right lung has been 
radiographically negative. The sputum which was positive for acid-fast bacilli 
prior to admission was negative after the return home. 

The exposed case, E. C., had a two-plus skin reaction to 0.1 mgm. of tuber- 
culin, July 13, 1931. An X-ray film, taken July 24, 1931, was completely 
negative. The patient had negative skin reactions to the same doses of tuber- 
culin on March 25, 1932, and November 13, 1933. She did not keep an appoint- 
ment for a higher dose of tuberculin as requested by us in November, 1933. 
On retesting on November 26, 1934, she proved to be negative to 1.0 mgm. of 
tuberculin, but on December 10, 1934, had a positive skin reaction to 10.0 
mgm. of tuberculin. An X-ray film, taken on December 31, 1934, revealed a 
slight nodular infiltration in the summits of both apices. 


Unfortunately, we have had no opportunity to ascertain the exact 
degree of the reduction of hypersensitiveness in this case in 1933, at the 


time when the exposure to reinfection was resumed. One may argue 
that the incomplete reduction of hypersensitiveness could have been in 
itself a definite indication that in this case immunity has not been very 
potent. Be that as it may, this case has undoubtedly been reinfected 
as a result of an exposure to reinfection at the time when hypersensitive- 
ness had become markedly decreased. We wish to call the attention of 
the reader to the fact that, as there has never been a record of a negative 
skin reaction to 10.0 mgm. of tuberculin in this case, it has not been 
included in the series of 80 cases reported in this paper. 

This case and another similar one reported by us previously (9) have 
so far remained the only ones.of this kind ever encountered by us. While 
they have been very interesting as exceptions to the described efficiency 
of immunity in the cases of waning hypersensitiveness, we have been 
inclined to consider them just as exceptions only. 


CONTROLS 


We feel that it would be of interest to analyze, for the purpose of com- 
parison as controls, the records of the other tuberculin-tested individuals 
which belonged to the same families as the previously reported 80 cases 
of disappearance of hypersensitiveness. We have named the individuals 
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with positive initial tuberculin reactions, “positive controls,”’ and those 
with negative reactions, “negative controls.” In 16 families, or in 23.88 
per cent, there were no controls at all; in 12 families, or in 17.91 per cent, 
there were “positive controls” only; in 11 families, or in 16.42 per cent, 
“negative controls” only; in 28 families, or in 41.79 per cent, both “posi- 
tive” and “negative controls.””’ There were altogether 180 controls,—of 
which 97 were positive reactors on the first application of tuberculin and 
83 were negative. 

Their sex, age and race distributions have not differed materially from 
those in the 80 cases of disappearance of hypersensitiveness. 

The initial diagnosis of the “positive controls” has been non-tubercu- 
lous, 57; primary calcified nodules, 7; primary pulmonary calcified 
nodules and tracheobronchia! tuberculosis arrested, 6; tracheobronchial 
tuberculosis arrested, 11; tracheobronchial tuberculosis arrested and 
Pott’s disease, 1; tracheobronchial and minimal pulmonary tuberculosis, 
both arrested, 1; tracheobronchial tuberculosis active, 6; the left costo- 
phrenic angle obscured by adhesions, 1; a density extending from the 
mediastinum into the pulmonary field, 1; a slight fibrosis in an adult, 1; 
an indefinite haziness in the apex, 1; minimal pulmonary tuberculosis 
active, 3; tuberculous osteomyelitis, 1. 

On follow-up, of the 57 originally nontuberculous cases, 11 have not 
been reéxamined; 40 have not revealed any changes; 1 has developed 
bilateral hilar scarring; 4 have developed primary pulmonary calcified 
nodules; while 1 died of carcinoma of the liver and had not been reéx- 
amined for tuberculosis. 

Of the 40 cases in which any evidence of a tuberculous process has been 
discovered on initial examination, three have not been reéxamined; one 
case, with tracheobronchial tuberculosis arrested, later developed a 
thickening of the interlobar pleura. The remaining cases with calcified 
lesions or other manifestations of arrested tuberculous disease all re- 
mained unchanged. The case of tuberculous osteomyelitis remained 
without changes; repeated chest X-ray films did not reveal any pulmo- 
nary disease. The case with adhesions in the costophrenic angle devel- 
oped a small calcified nodule in the apex. Other cases with evidences of 
any degree of a tuberculous disease have all without exception become 
arrested. 

We have been convinced that both the diagnosis and the prognosis in 
this group were extremely favorable. 
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The initial positive tuberculin reaction in this group was as follows: 
cutaneous reaction (Detré) in 9; intracutaneous reaction (Mantoux) to a 
dose of 0.1 mgm. of tuberculin in 88. The readings of the latter were 
slightly positive in 2, positive in 37, one-plus in 14, two-plus in 20, three- 
plus in 12, and four-plus in 3. 

On follow-up, the tuberculin test was not repeated in 26 cases. In 23 
cases the readings, on initial applications and on retestings, have not been 
comparable, as, for instance, 9 cases with an initial three-plus reaction 
were read on recheck as “positive.” The tuberculin reaction remained 
of the same intensity in 21 cases; increased in 10; decreased in intensity 
but still remained positive in 9; and became negative to 0.1 mgm. of 
tuberculin in 8. 

Referring somewhere else in this paper to the decline of the intensity of 
the tuberculin reaction in some of these cases, we have interpreted this 
occurrence as another manifestation of the action of the hereditary forces 
of immunity. 

Of the 83 controls, originally negative reactors to tuberculin, 81 have 
been diagnosed as nontuberculous; one case manifested roentgenological 
evidence of calcified primary pulmonary nodules; and one case had a 
diagnosis of pulmonary abscess. 

On follow-up of the 81 nontuberculous cases, 16 cases were not reéx- 
amined; 61 remained nontuberculous; 1 developed calcified primary 
pulmonary nodules; and 3 developed evidence of tracheobronchial tuber- 
culosis arrested. 

The follow up of the tuberculin reaction has given the following data: 
18 were not retested; 43 remained negative; 11 became positive; 11 first 
became positive and then again negative. 

We have endeavored to secure some more details about the exposure 
to infection in the 43 cases which remained negative to tuberculin on 
retesting. In 13 cases the source of infection was unknown; in 18 the 
exposure was interrupted before long; in 2 cases it was first interrupted 
and later resumed again; in 1 case the exposure had been frequent and 
sporadic; in 9 cases it had never been interrupted, and out of those only 
5 cases have been exposed to spreaders of infection afflicted with active 
pulmonary tuberculosis. 

Summarizing our impressions from the analysis of 180 control cases, 
we feel that, as a whole, they have also supplied some evidences of 
a fairly effective function of immunity. 
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DISCUSSION 


A decrease of hypersensitiveness, even to a point of a complete disap- 
pearance, has been frequently observed in measles, in miliary tuberculo- 
sis, in moribund tuberculosis patients, and also as a result of some drugs 
and of desensitization, either artificial, by injections of tuberculin, or 
spontaneous, in advanced cases, through the action of endogenous 
tuberculoproteins. 

The analysis of our cases has convinced us that none of the mentioned 
factors could have been instrumental in the production of the described 
disappearance of hypersensitiveness. As an explanation of this phenom- 
enon, we have accepted the opinion of Krause (8), quoted at the begin- 
ning of this paper, and have considered that the forces of immunity have 
been the sole causative factor. 

Any worker in the field of tuberculosis has known the monotonous 
procession of hundreds and of thousands of positive tuberculin reactors 
returning for their usual rechecks and for years and years displaying the 
same positive tuberculin reaction. The contrast between these cases 
and the cases of disappearance of hypersensitiveness observed by us has 
certainly been very striking. Our cases have manifested very rapid 
changes in their tuberculin reactions: in 21 cases the complete cycle, 
from a negative reaction to 0.1 mgm. of tuberculin, to a positive one to 
the same dose, and then again to a negative to 10.0 mgm. of tuberculin, 
has lasted, on the average, only 2 years, 10 months, 29 days. Immunity, 
when effective, has certainly functioned fast. 

In spite of the comparatively rapid development, the disappearance of 
hypersensitiveness, as we have observed it in some of our cases, has been 
a gradual process, proceeding in a regulated manner from one stage to 
another. It is true that interruption of the exposure to infection has 
been a very important factor; the disappearance of hypersensitiveness 
has not developed, in most instances, until the infecting cases have been 
removed from the home. But it is also true that in a large number of 
the cases the disappearance of hypersensitiveness has occurred while the 
exposure to infection has still remained in force. In some instances, the 
conditions under which this phenomenon has taken place have been 
actually striking. For example, on two occasions (cases 49 and 53) the 
infecting patients have had repeated profuse haemorrhages, thus display- 
ing an unmistakable evidence of further progress of the disease, and 
exposing the cases in contact to increased doses of infection; nevertheless, 
the forces of immunity have been continuing their work unabated and 
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have accomplished a complete disappearance of hypersensitiveness in 
the respective cases. In one family (case 1) the existing infection, which 
afflicted the father with active moderately advanced tuberculosis, was 
sufficiently potent to strike at another adult, the mother, who developed 
active pulmonary disease, while a little daughter succeeded in disposing 
of her hypersensitiveness and in maintaining a negative reaction to 10.0 
mgm. of tuberculin for a period of 8 months, 9 days. Another instance 
(case 3) was perhaps even more interesting. There were at least two 
proved cases of active pulmonary tuberculosis in one family, one of them 
with cavities. We had good reasons to suspect that there was at least 
one more advanced case in the home. The family was extremely unco- 
operative; there were gross violations of the most elementary rules of the 
technique of prophylaxis. When steps were taken to enforce super- 
vision the family had left the county. And we found a case of disappear- 
ance of hypersensitiveness in the midst of this malignant nest of massive 
infection. In this instance, the forces of immunity were sufficiently 
potent to stage a most spectacular triumph over the attacking forces of 
infection. 

In a sizable proportion of our cases we have found proofs of the hered- 
itary tendencies in the action of immunity. What else, indeed, could 
have been the cause of a simultaneous disappearance of hypersensitive- 
ness in two and three members of the same families? It would perhaps 
have been advantageous to organize a systematic biological and eugenic 
study of such cases, in order to penetrate deeper into the fundamental 
factors underlying the hereditary manifestations of immunity. Unfor- 
tunately, such a widening of the scope of our work has been entirely out 
of question, at least for the time being. 

However, in many instances we have not been able to find indications 
of the hereditary tendencies of immunity. In such cases it has been very 
interesting to observe the effective functioning of the forces of immunity 
in one member of the family, while in the others these forces of immunity 
have remained on a much lower level. 

The fact that hypersensitiveness has reappeared in one-third of the 
retested cases has served to indicate a certain degree of instability of this 
phenomenon. Both sources of reinfection, endogenous and exogenous, 
could have been responsible for such reappearance. The impression 
gained from this category of cases could have been that the invading 
infection, once retreated after a defeat, has rallied its forces and has 
succeeded in regaining a part of the lost ground. But even then the 
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main achievement of immunity,—protection against the active disease, — 
has remained unimpaired, as none of the cases in which hypersensitive- 
ness has reappeared, have shown any evidence of a newly developed 
tuberculous process. 

In two-thirds of the retested cases, hypersensitiveness, once disap- 
peared, remained absent. We have cited some cases in which hyper- 
sensitiveness had not reappeared in spite of a continued exposure to a 
considerable and even to a massive reinfection. We have found, for 
instance, some highly interesting details in case 52. A child, on retest, 
maintained a negative reaction to 10.0 mgm. of tuberculin, in spite of an 
almost constant exposure to a brother who died of tuberculosis. 

We had an opportunity to observe, in all phases of the studied phenom- 
enon, the highly efficient manner in which immunity performed its 
important function. 

These observations have been so much the more interesting because 
of the relative rarity of the described phenomenon; and it has perhaps 
been so rare because of its remarkable efficiency. 

As we have previously stated, accumulation of facts bearing upon the 
relationship between allergy and immunity has been one of the objectives 
of this investigation. Besides the well-known conception created by 
Krause, according to which allergy has been considered as an essential 
process of the specific resistance against the tubercle bacilli, another 
viewpoint has been expressed recently by Rich (10) (11), Friedenwald 
(12) and others. These writers have maintained that immunity has 
been a process entirely independent of allergy, that it has been known 
to function in the complete absence of the latter and furthermore, that 
allergy when present, has rendered an unfavorable influence upon the 
course of the disease. 

We feel that these two conceptions of Krause and of Rich have not been 
so antagonistic as it could have appeared; that there have been points of 
linkage between them. Thus, Krause (8) (13) has pointed out that 
under certain conditions allergy could have been instrumental in pro- 
ducing intoxication of a high degree characteristic of an acute or of an 
exacerbated tuberculous disease. On the other hand, Rich (10) has 
admitted that the outpouring of an inflammatory allergic exudate could 
have served to dilute and to restrict the action of an injurious agent and 
that in this sense the inflammation has been protective. In a more 
recent work (14), he states that in his experiments the local growth of the 
immobilized bacteria proceed uninterruptedly in the absence of leuco- 
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cytes, and that the experimental animals eventually succumb, even when 
their plasma is potent in passively protecting nonimmune, normal ani- 
mals. We feel that this statement has once more indicated the greatly 
important réle of the leucocytes in the mechanism of immunity; local 
leucocytosis is undoubtedly a characteristic feature of the allergic inflam- 
mation. Any statement admitting the highly important protective 
function of leucocytosis will thus necessarily admit, even though in- 
directly, the protective value of the allergic inflammation. 

It is our impression, that the more one has the privilege of observing the 
phenomena of allergy in the clinic the more one is justified in assuming 
that the allergy-immunity complex, most probably, consists of more than 
one phase. Possibly, both basic conceptions of Krause and of Rich have 
been compatible inasmuch as each has described two entirely different 
phases of the allergy-immunity complex. 

As it has been stated, immunity was maintained on a very high level in 
our cases, resulting in an effective protection against the disease in the 
absence of the skin hypersensitiveness or of the local manifestation of 
allergy. Furthermore, while hypersensitiveness has followed an ex- 
tremely changeable course, being at first present, then absent, then 
again present in some of the cases, immunity has been constant in its 
course, maintaining steadily the amount of protection necessary to ward 
off the disease. These facts could have been interpreted, in a sense, as 
new evidence in favor of the conception expressed by Rich. However, 
in accordance with what has been said, we feel that these facts could have 
been characteristic of no more than one phase of the intricate relationship 
between allergy and immunity. 

Another problem has arisen during this work in regard to the relation- 
ship between the skin hypersensitiveness and the hypersensitiveness of 
other tissues. Has the disappearance of the skin hypersensitiveness 
signified that the hypersensitiveness of the tissues directly attacked by 
the infection has also disappeared? And if not, exactly what has hap- 
pened to the hypersensitiveness of these tissues? 

Woringer (15), Bloch (16), Stevens (17), have demonstrated that in 
such classical diseases as eczema and asthma the skin acts in regard to 
allergy as an organ entirely independent from other tissues. 

It would be a great deal more difficult to demonstrate this immuno- 
logical independence of the skin in regard to tuberculoallergy. The 
allergy of asthma, for instance, could be recognized very clearly clinically 
in the absence of the corresponding skin reactions, whereas in tubercu- 
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losis, as a rule, skin hypersensitiveness usually precedes the characteristic 
clinical manifestations. This fact and the extensively widespread 
presence of positive tuberculin reactions in persons clinically completely 
well have resulted in the presumption that the disease does not occur 
without a definitely established presence of the skin hypersensitiveness. 
However, allergy of certain tissues, without the participation of the skin, 
would not be entirely impossible in tuberculosis also. Thus, Krause (8) 
states: “We are very likely correct in assuming also that, below the limits 
of visibility, [italics by us] [allergic] reactions may occur which involve the 
pouring out of only a few cells.” Furthermore, Krause (13) considers as 
most allergic the tissues of the tuberculous foci and the tissues in imme- 
diate proximity to the foci; then the noninvolved (not actually tubercu- 
lous) tissues of the organs in which the foci reside, and last, the tissues 
of organs unaffected by tubercle. In other words, he assumes that 
allergy as a rule usually decreases in intensity from the centre of the body 
(the focus of infection) to the periphery (the skin). Under such cir- 
cumstances, it could be possible that the skin, which possesses the least 
amount of hypersensitiveness, could lose its hypersensitiveness com- 
pletely, while the focus of infection, possessing the most hypersensitive- 
ness, could still retain some of it. 

It has been known for a long time that some nonmoribund cases of 
active tuberculosis are refractory to the tuberculin skin tests. The usual 
explanation of this phenomenon is that desensitization through the 
medium of endogenous tuberculoproteins has taken place. We have 
encountered three cases which were negative to 10.0 mgm. of tuberculin, 
although the diagnosis of active pulmonary tuberculosis was proved in 
each case by roentgenological findings and by a sputum positive for acid- 
fast bacilli. These cases have not been included in our survey as neither 
of them is evidently of the type to which the 80 reported cases belonged. 
We feel that the theory of autodesensitization could hardly supply a 
convincing explanation of this phenomenon in these cases. 


In one of them, a minimal case, the disease lasted perhaps a little longer than 
one year; we feel that the time has been too short and that the lesions have not 
been sufficiently extensive to justify the assumption that autodesensitization 
through the medium of endogenous tuberculoproteins could have taken place. 


In the second case, a far advanced, we had various clinical manifestations of a 
recognized allergic nature, such as loss of weight, and history of so-called 
“colds” accompanied by recurrence of acid-fast bacilli in the sputum after a 
prolonged period of a negative sputum. 
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In the third case, a moderately advanced, these clinical allergic manifestations 
were still more pronounced; besides the loss of weight and “colds” with a posi- 
tive sputum, there occurred an extension of caseation, with necrosis, and for- 
mation of a new cavity, shortly before the application of the tuberculin tests. 


If desensitization had actually taken place in the last two cases, it 
would undoubtedly have abolished not the skin hypersensitiveness only, 
but the clinical allergy just as well. As long as the latter remained 
unaffected, we could hardly be justified in assuming that desensitization 
had actually occurred. 

Many important details of the mechanism of tuberculoallergy as yet 
remain completely unknown to us. Therefore, a correct evaluation of 
such a phenomenon as observed by us and described here is still a goal 
to be reached in the future. However, we feel that these three cases 
demonstrate the possibility of a dissociation of the hypersensitiveness of 
the skin from that of the other tissues. 

In regard to the reported 80 cases of disappearance of the skin hyper- 
sensitiveness, we feel that the studied phenomenon has not necessarily 
been connected in all cases with a disappearance of hypersensitiveness of 
other tissues, and especially of those directly attacked by infection. 
This certainly is true in regard to those cases in which hypersensitiveness 
has reappeared in the absence of possible sources of an exogenous rein- 
fection. 

What has been the status of the hypersensitiveness of other tissues if it 
has not disappeared simultaneously with the skin hypersensitiveness? 

We have no direct ways of measuring the hypersensitiveness of the 
internal organs of the living body. Therefore, an indisputable answer 
to this query could not be expected. However, the clinical evidence of 
healing of the foci of the disease, whenever they were present in our cases, 
would perhaps indicate at least a possible reduction of the previous 
amount of the hypersensitiveness of the tissues originally affected by the 
disease. And furthermore, it would not be a complete impossibility that, 
in the cases in which the skin hypersensitiveness has remained absent for 
a considerable length of time, the hypersensitiveness of the infected 
tissues would also disappear. However, in accordance with what we 
stated above, a definite answer to this interesting and intricate problem 
must remain postponed until a successful investigation of the intricate 
mechanism of tuberculoallergy will accumulate more concrete and 
indisputable facts. All attempts at an immediate explanation will neces- 
sarily be not more than mere speculation. 
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SUMMARY AND CONCLUSIONS 


1. Eighty cases have been reported which lost their previous skin 
hypersensitiveness to tuberculin to the extent that they failed to react 
to intracutaneous applications of 10.0 mgm. of tuberculin. 

2. Immunity is considered as the causative factor of the disappearance 
of the specific skin hypersensitiveness. 

3. Certain hereditary features of immunity have been observed in 
some cases. 

4. Conditions, under which the specific skin hypersensitiveness has 
and has not reappeared in different cases, have been analyzed. 

5. The relationships between allergy and immunity and between the 
hypersensitiveness of the skin and of other tissues have been briefly 
discussed. 


In conclusion we wish to express our gratitude to Dr. J. L. Pomeroy, Health Officer of 
Los Angeles County, for his encouragement of research work in the Health Department; 
we wish to express our appreciation of the friendly cooperation rendered and intense interest 
in this work displayed by Dr. P. K. Telford, chief of the Tuberculosis Division; we wish to 
acknowledge our appreciation of Dr. M. L. Pindell’s roentgenological interpretations; we 
wish to thank the nursing staff and the social workers for their kind assistance in the follow- 
up work on the reported cases. 
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A STUDY OF TUBERCULOSIS DEATHS IN SILVER 
BOW COUNTY, MONTANA 


And of Other Important Causes of Deaths in Miners! 
J. H. CROUCH? 


Silver Bow County, Montana, is in the heart of the Rocky Mountains, 
the Continental Divide forming the eastern boundary and then crossing 
through its southern part. The climate consists of long cold winters and 
short hot summers. 

The Federal census of 1930 gives the county a population of 56,969, 
divided by nationality as American-born of American parents 37 per cent, 
American-born of foreign parents 40 per cent, and foreign-born 23 per 
cent. If the adult population alone were considered the percentages of 
foreign-born and foreign parentage would be much greater. 

The population is nearly all urban and suburban, the rural farm group 
being only 1.5 per cent of the total. The chief city is Butte, with a pop- 
ulation of 39,532. The chief occupation is copper-mining. The 1930 
census lists 11,209 miners. This is more than one-half of the total adult 
male population. 

This communication is the record of a study of the death certificates of 
Silver Bow County for the fifteen-year period, 1919-1933, inclusive. All 
information was obtained from the certificates themselves, and, as is 
usually the case, many of them were not as carefully filled as they could 
have been. 

In table 1 will be found the number of deaths from tuberculosis for each 
year. Since it was obvious from the beginning that most of the deaths 
from this cause were in miners, these were listed separately. 

The rates are based on the 1930 census. The census of 1920 gives 
Silver Bow County a population of 60,301, showing a decline of 5.5 per 
cent during the ten-year period. Sex, age and occupation distribution in 
1920 are not available, but they were probably about the same as in 
1930. 

The classification Other Adult Males includes all male deaths at 20 years 


1 From the Montana State Board of Health, Helena, Montana. 
2 State Epidemiologist, Montana. 
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and over, in which mining was not given as the occupation. Doubtful 
occupations are in this group. Many men who were engaged in other 
occupations at the time of death had had some experience in mining. 


TABLE 1 
Deaths from tuberculosis in Silver Bow County 


POPULATION, 
1930 


Other adult males. . 
Adult females 
Children under 20 


TABLE 2 
Deaths from tuberculosis, 1930 


DEATHS POPULATION 


Miners, Silver Bow County 90 11,209 
Indians in Montana 82 14,789 
147 511,599 


Death-rates by sex and age: rates per 100,000 


ADULT CHILDREN 
ADULT MALES FEMALES UNDER 20 YEARS 


Silver Bow County: 
Annual average, 15-year period: 
754.8 
Others, not miners 179.6 43.3 
Indians in Montana, 1930 530.2 592.1 
All others in Montana, 1930 . 57.3 23.0 
U.S. Registration Area, 1930 92.0 70.5 


In tables 2 and 3 there are comparisons of death-rates from tuberculosis. 
Table 2 gives rates for the year, 1930. Since the problem of excessive 
tuberculosis in Montana concerns chiefly the Indians and the miners, the 
rates for these groups are given separately from the rest of the state. 

In table 3 the rates are divided for sex and age. Since in 1930 there 
were only 7 deaths from tuberculosis among women and children in Silver 


1,269} 11,209 | 754.8 
15} 23} 9)14/26| 274] 10,172 | 179.6 
12} 7| 6! 10)11) 9/11) 9) 7; 3) 6) 3) 3) 111] 17,081 | 43.3 
RATE PER 
100,000 
802.9 
554.1 
26.7 
TABLE 3 
19.1 
537 .2 
7.0 
17.7 
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Bow County, a more accurate picture of sex and age distribution in the 
county can be obtained by taking the average annual rates for the fifteen 
year period. 

From these tables it will be seen that the rates for Indians and for 
miners are very high. The rate for the rest of the state, however, is only 
one-half as high as that of the Registration Area. The rates for women 
and children are even more favorable than the rate for men. In 
Silver Bow County the rates for women and children, while noticeably 
higher than that of the same groups in the rest of the state, are still 
remarkably low when we consider the enormous rate for men. One 
would expect that contact infection would cause much higher death-rates 
among women and children in Silver Bow County. 


DEATHS OF MINERS IN SILVER BOW COUNTY 


The study of tuberculosis in Silver Bow County brought out points of 
sufficient interest to justify a further scanning of the death-certificates of 
miners in the same area. Information was tabulated for cause of death, 
age and nationality. 

The Federal census of 1930 states that in Silver Bow County 11,209 
men are in the mining industry. This includes surface employees and 
office forces. Separate figures for underground employees are not avail- 
able. The census tables of 1920 do not give any figures for occupation, 
but the total population was 5.5 per cent greater. For lack of more 
accurate information the figure 11,209 is used in calculating rates for 
miners during the entire period. 

During the fifteen-year period there were 4,211 deaths in which mining 
was given as the occupation. Some certificates gave “laborer,” “watch- 
man,” “stationary engineer,” etc., as occupation. Many of these were 
probably employed in the mines, but they are included in the list of 
Adult Males Not Miners for the purposes of this study. 


Longevity: In order to determine the comparative longevity of miners, 
the average age of death was found for the years 1920, 1925 and 1930. 
These figures were compared with similar ones for adult white males in 
several Montana cities, for the state as a whole, and for the U. S. Regis- 
tration Area. Detailed figures will be found in table 4. 

Montana is a farming, ranching and mining area, and the climate is 
severe. For these reasons the ordinary hazards of life are somewhat 
greater than in the average eastern state. The average age at death for 
adult white males is 2.7 years less than that of the Registration Area. 


a 
4 
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Adult males in Silver Bow County who are not miners have approxi- 
mately the same average age at death as the rest of Montana. The 
miners, however, have an average age at death which is 10.9 years less 
than that of the U. S. Registration Area. 


TABLE 4 
Average age at death: adult white males, 20 years and over 


1920 1925 1930 


U.S. Registration Area 58 60 61 

Billings, Great Falls, and Missoula 55.8 57.2 57.9 
State of Montana 58.0 
Silver Bow County, not miners 56.3 59.2 55.3 
Silver Bow County, miners 48 .8 47.5 50.2 


TABLE 5 
Deaths of miners in Silver Bow County, 1919-1933: by nationality and average age at death 


TOTAL DEATHS TUBERCULOSIS DEATHS 


NATIONALITY 


Number —- Number | Average 


678 49.1 126 
1,131 48 .9 356 
203 
52.6 63 
Scotland 71, Wales 58, Australia 1, New Zealand1.... 52.9 33 
Norway 52, Sweden 93, Denmark 11 49.4 43 
Germany 50.2 25 
Austria 45.9 98 
47.1 45 
44.0 139 
Russia 7, Latvia 1, Lithuania 2, Poland 19 42.9 8 
Jugoslavia 28, Serbia 59, Croatia 26, Bohemia 5, Rou- 

mania 3, Bulgaria 7, Montenegro 20, Hercegovania 

3, Hungary 3 
France 9, Holland 4, Belgium 5, Switzerland 17, Spain 

5, Portugal 1 ¥ 41 

26 
20 

4 

202 


4,211 


Nationality: As stated above, only 37 per cent of the population of 
Silver Bow County is American-born of American parents. The per- 
centage of Americans in the adult population is necessarily much lower. 
When the death-certificates of miners were tabulated by nationality it 


AVERAGE 
59.7 
57.0 
57.0 est. 
56.9 
48 .8 
53.2 
48.0 
50.9 
51.2 
52.7 
49.2 
52.6 
47.6 
47.9 
46.1 
47.6 
46.8 
§2.5 
46.0 
37.0 
49.2 |1,269 48.4 
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was found that only 17 per cent were Americans. 


In table 5 foreign birth 


and foreign parentage are included in the various nationalities. The 


TABLE 6 


Causes of deaths of miners in Silver Bow County 


Mine accidents 
Other external causes. ... 


Asthma and_ chronic 
bronchitis 

Acute respiratory 

Heart diseases 

Chronic nephritis 

Arteriosclerosis and apo- 


2 
14) 15) 11} 14 
276|281|307|271 


TABLE 7 


Important causes of death of miners 
Death-rates compared with those of other adult males in Montana 


MINERS AVERAGE 15 YEARS 


OTHER ADULT WHITE MALES IN 
MONTANA, 1930 


Number of Rate per 
deaths 100,000 


Number of Rate per 
deaths 100,000 


53 472.8 
84 
21 
36 
32 
8 
9 
9 


373 232.7 
74 57.3 


130 81.0 
377 234.9 
200 124.6 
196 122.1 
210 130.9 


largest number of deaths were credited to Ireland, which represents 28 
per cent of the total. England had 15 per cent, Finland 8 per cent, Aus- 


tria 7 per cent, and Canada 5 per cent. 


| 
| 
3 
j 11} 30} 38) 43) 28) 42) 42) 32) 45) 22) 15 5| 437 
i 22) 28) 13} 18) 28) 27} 38) 23) 36) 32) 25) 29] 18! 10) 16] 363 
Tuberculosis. 79] 93) 91/104) 87) 83) 64) 79] 81) 90) 81) 58) 44/1, 260 
Silicosis................] 6} 6} 9} 10} 10} 23) 10} 20) 26) 20) 44) 32} 24) 34 313 
| 2) 1 1 1 1} 1) 2) 
.| 49) 54) 27] 37) 25) 23) 26) 59] 35) 54] 46) 33) 27) 25) 19) 539 
.| 27) 23} 26) 31) 31) 31) 27) 41) 41] 33) 33] 27) 47) 35) 478 
-| 10) 9) 5) 11) 5) 7| 4) 5) 1) 2) 19) 13] 8] 10) 7| 116 
plexy................| 6} 7} 11) 8} 11) 14) 11) 8] 5S} 6) 12) 16) 9) 137 
Acute abdominal........| 9} 7] 6] 4] 14) 10} 5) 14) 12) 4) 14) 8) 8] 2) 125 
6} 10) 11} 9} 9] 12) 8] 8) 16) 12) 3] 7| 10) 10} 137 
Diseases of brain and 
5} 3} 2| 1] 3] 3} 4) 54 
5 5} 5} 2) 6 50 
Other diseases..........| 9} 12) 8 15] 17; 15] 18] 6] 13} 7| 8} 182 
Total, all causes........ .|322/309 203) 318 302{310 211 
| 
: Acute respiratory................ 
Chronic nephritis................ 
| 
| 
| 
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When comparing the various nationalities for longevity a wide varia- 
tion is noted. The units of the British Empire, except Ireland, have 
much the best record, all of them averaging greater than 52 years at 


Chart I. MINE ACCIDENTS 


1919 1920 1921 1922 1925 1924 1925 1926 1927 1928 1979 1960 195] 1952 1055 


2919 1920 192] 1922 1925 1924 1926 1926 1927 1928 1929 1950 195] 1952 1955 


2919 1920 192] 1922 1925 1R24 1925 1026 1927 1928 1929 1950 195] 1952 1955 


death. Germany is just above 50 years. Next come the Scandinavian 
countries with 49.4 years, followed by America 49.1 years and Ireland 
48.9 years; then Italy, Austria, the Balkan States, and Finland in the 


{ 
2 
Chart II. OTHER EXTERNAL CAUSES 
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order named. Mexican and Philippine nationals, while few in number, 
have a very low average age at death. 


Causes of Death: In table 6 the number of deaths each year is given for 
some of the more important causes. A study of this table reveals that 
there is a marked deviation from the average usual distribution of 
causes of death. External causes, and the acute and chronic respiratory 
diseases are much greater than normal. These combined are responsible 
for nearly 70 per cent of all the deaths of miners. 


2919 1920 192) 1922 1925 1924 1925 1926 1927 1928 1929 1950 1951 1952 1995 


1820 182] 1905 1984 1925 1908 1927 1928 1929 1980 1951 1958 


In table 7 there is a comparison of death-rates from these diseases be- 
tween the miners of Silver Bow County and other white adult males in 
Montana. It will be seen that in miners the rates are much higher for 
those diseases which may be considered as connected directly or indirectly 
with occupation. For the diseases of later life the rates are less in miners. 
The rate for tuberculosis is more than thirteen times as high, external 
causes more than double, acute respiratory diseases nearly four times as 
high, and heart diseases are 21 per cent higher. On the other hand, the 
rates for the diseases of later life are about 40 per cent lower than the 
state average. 
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There were certain definite trends through the 15-year period which 
can be easily seen on the charts. It was to be expected that mine 
accidents, as illustrated in chart I, would correlate exactly with national 
industrial activity, showing a drop in 1921 to correspond with the depres- 
sion of that period, and a further drop in 1929 and the succeeding years. 
It is interesting to note that deaths from other external causes, as shown 
in chart II follow exactly the same curve. The acute respiratory diseases 
(chart V) show somewhat the same fluctuation except that there was an 
unexplained low period in 1923, 1924, and 1925. The decline since 1929 
has been marked and continuous. 

The most interesting trends are found in tuberculosis (chart III) and 
silicosis (chart IV). Tuberculosis shows a total decline of approximately 
50 per cent during the 15-year period, and there are cycles of remarkable 
regularity. Three years of sharp decline are followed by three years of 
moderate increase, and this cycle is repeated. During thesame period 
there was not a corresponding decline in deaths from tuberculosis in other 
adult males, in women, nor in children. The deaths from silicosis, how- 
ever, showed a sharp increase. It is possible that a part of the decline 
in tuberculosis may be only apparent, and due to a more accurate 
diagnosis of silicosis. 

3 The sharp decline during 1931, 1932 and 1933 was followed by a definite rise in 1934, when 


58 miners died of tuberculosis. It will be very interesting should this increase continue in 
1935 and 1936. 


